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. .Abstract 
DALE A. WADE 
Under the supervision of Professor Robert N. Swanson 
Excessive dietary manganese in young mammals has depressed 
hemoglobin levels, red blood cell synthesis and growth in some investi-
gations, while in other research these were increased. Toxic levels, 
mode of action and specific physiological effects are unknown although 
manganese, cobalt a.i.�d iron appear to compete for absorption mechanisms. 
Manganese functions in enzyme systems a.�d in carbohydrate and lipid 
metabolism, is present J.n red cells and plasma and may be incorporated 
into the hemoglobin molecule. Gravid gilts were utilized in these 
investigations since piglet anemia is an economic problem and 
manganese effects in swine have not been fully defined. 
Gilt rations were formulated to meet swine requirements as 
suggested by the N.R.C. Gestation rations contained 310.9 ± 22.2 ppn 
iron and 115.3 ± 7.1 ppm manganese. Lactation rations contained 
251.2 ± 25.8 ppm iron and 94.3 ± 5.4 ppm manganese. Water contained 
trace amounts of each element. 
Two levels of manganese chloride were injected intraperitoneally 
into purebred Duroc and H8l?lpshire gilts during the last month of gesta-
tion to evaluate effects on plasma and red cell iron and manganese 
levels, hemogram responses and toxicity in gilts and newborn pigs. 
Treatments were 1, 2 or 3 weekly doses of 1.0 mg Mn+2/kg or 1 or 2 
weekly doses of 0.5 mg Mn+2/kg gilt body weight, respectively. 
Pre-partmn gilt blood samples were drawn prior to treatment and 
weekly thereafter for a minimum of 5 weeks post-partum. Pig blood 
samples were drawn on day 1 and weekly to 35 days of age. Red blood 
cell (RBC), white blood cell (WBC), packed cell volume (PCV), hemo­
globin ( Hb), mean corpuscular volume (MCV), mean corpuscular hemoglobin 
(MCH) and mean corpuscular hemoglobin concentration (MCHC) values were 
determined for each sample. Red cells and plasma were analyzed for 
iron and manganese concentrations. 
Statistical analysis of gilt data indicated highly significant 
(P <.Ol) differences in treatment RBC, PCV and Hb; breed RBC, MCV and 
plasma iron; treatment x breed plasma iron; weekly WBC; weekly plasma 
iron and gilts within treatment x breed RBC iron. Significant (P <. 05) 
differences were present in treatment WBC, MCV, MCHC, RBC iron and RBC 
manganese; breed Hb; treatment x breed WBC and MCHC; treatment x week 
Hb; breed x week WBC, PCV and Hb; treatment x breed x week MCHC and 
plasma iron and in gilts within treatment x breed RBC, WBC arrl PCV. 
Statistical analysis of pig data irrlicated no significant 
difference in breed MCV and plasma manganese, treatment x breed MCV 
and MCH and breed x age M:HC. Breed x age PCV and Hb, treatment x 
breed x age plasma iron and age x gilts within treatment x breed MCHC 
were significantly (P<:'..05) different. All other values due to treat­
ment, breed, age and all interactions were highly signiftcant (P<.01). 
Critic al daily obser.vations of gilts and pigs indicated that 
real treatment and breed differences were present since Duroc gilts 
exhibited much greater toxic responses than Hampshire gilts. 
Crossbreed (Spotted x Duroc ) pigs differed from Hampshire pigs in all 
parameters measured when composit e treatment and breed treatment data 
were conipared to composite controls and breed controls. Hampshire 
pigs from treated gilts, as compared to crossbreed pigs, demonstrated 
depressed activity and appeared less alert throughout the experimental 
period and rough hair coats appeared during week 2. Percent live 
births, 35-day survival and 35-day pig weights were lower in pigs from 
treated gilts than control gilts. 
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INrRODUCTION 
Areas of dissent regarding importance and functi on of manganese 
in biological systems have been outlined by von Oettingen (1935), 
Cotzias (1958) and Underwood (1962). The recent review by Underwood 
(1971) and current literature illustrate the lack of accord among 
researchers in areas that have been explored for more than a century. 
Thus, although substantial knowledge has been acquire d of manganese 
occurrence, interaction with other elements and essentiality in 
living organisms, much of its function and mode of action remains 
obscure. 
Importance of manganese for normal growth and development in 
plants and microorganisms was established by McHargue in 1923; toxic 
effects had been noted much earlier. Deficiencies affecting a wide 
range of crop and pasture plants have since been recognized in many 
1 
areas of the world, although its function, presumably in photosynthetic 
processes, is still unknown. 
Conclusive evidence of manganese requirements in animal . 
nutrition was obtained by Hart and associates in 1931 when it was 
found essential to normal growth and reproduction in mice and rats. 
It was later shown essential to prevention of perosis and nutritional 
chondro9ystrophy in poultry, findings that led to extensive investiga-
tion of its occurrence in feeds, factors affecting dietary requirements 
and its significance in avian and mal7Il1lalian systems. -Critical require-
ments for manganese in reproduction and prevention of neonatal ataxia, 
pancreatic and skeletal development and in cholesterol and cartilage 
synthesis have been demonstrated ,,n_th species variation affecting 
requirements . 
Specific biochemical manganese fu�ctions and mode of action 
remain unclear, although its role in cartilage synthesis (Leach and 
Muenster, 1962) and in pyruvate carboxylation (Scrutton, Utter and 
Mi.ldvan, 1966) has been established. Schutte (1964) and others have 
indicated extensive interaction with other elements in enzyme systems. 
Extensive studies of manganese metabolism in mammals under 
normal conditions and in chronic manganese poisoning have established 
existence of homeostatic control systems, but mechanisms involved are 
unknown . 
Clear evidence of natural manganese deficiencies in man a..i.'1d 
domestic anim.als has not been produced despite occasi onal reports of 
beneficial effects from supplementation; but a relationship between 
manganese, iron and hemoglobin formation has emerged from studies 
with several mammalian species . Depressed hemoglobin and serum iron 
levels i.nduced by high dietary manganese levels have been reversed by 
iron supplementation . Matrone and associates (1955, 1959) and others 
suggested that dietary levels as low as 45 to 125 ppm were capable of 
altering hemoglobin formation in lambs, cattle and baby pigs; others 
do not agree . Since these or higher levels, however, regularly occur 
in animal rations, Underwood (1971) and others suggested that the 
dietary manganese-iron ratio may be of much greater significance than 
is commonly believed . 
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Generally accepted is the belief that manganese tends to 
interfere at some phase in iron absorption from the gastrointestinal 
tract; beyond this stage little is known of its effect on synthesis 
and function of hemoglobin or hematopoiesis. 
Ex..�austive investig�tions have demonstrated the importance of 
iron injections and/or dietary supplementation for prevention or 
treatment of piglet anemia but have not revealed explicit effects of 
manganese. Conflicting reports of manganese toxicity and meager data 
regarding parenteral effects in swine prompted this study. 
Objectives of these investigations were to evaluate possible 
breed and treatment effects caused by manganese injections in gravid 
gilts on the following parameters in gilts and baby pigs: 
1) ToX:..c responses 
2) Hemogram parameters 
J) Red blood cell iron and manganese concentrations 
4) Plasma iron and manganese concentrations 
3 
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REVIEW 0 F LITERATURE 
Manganese Deficiencies 
McHargue (1923) established proof of a manganese requirement 
in plants and suggested a function in photosynthesis and/or formation 
of chlorophyll. This proposal has been supported by Taylor (1940), 
h1berg and Neuma.l'l (1957), Loach and Calvin (1936b) and by It oh et al. 
(1969) with added evidence of manganese-porphyrin complexes that 
function in oA"'idation-reduction reactions at physiological pH levels. 
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Evidence of manganese essentiality in a.ni.ma.1 nutrition was 
suggested by Titus, Cave and Hughes (1928) who reported increased 
hemoglobin formation in rats supplemented with dietary manganese, 
although Waddell, Steenbock and Hart (1929) were unable to duplicate 
these results in experiments with rats and young pigs. Clear evidence 
of nutritional essentiality was provided in 1931 (Waddell et �. ;  
Kemmerer, Elvehjem and Hart; Orent and Mccollum.) with manganese shown 
to have a role in normal food intake, growth and reproductive function 
but with no effects irrlicated on blood or hemoglobin formation. others, 
however; (Beard, Baker and Myers , 1931; Myers and Bea.rd, 1931) observed 
increased synthesis of red blood cells (RBC) in both anemic and normal 
rats when manganese supplements were fed. 
�ther studies (Wilgus, Norris and Heuser, 1936; Gallup and 
Norris, 1939; Caskey and Norris , 1940) demonstrated a manganese 
requirement for normal embryonic development and prevention of skeletal 
abnormalities in fowl. Extension of these studies (Boyer, Shaw and 
Phillips, 1942; Johnson, 1943; Shils and Mccollum, 1943; Grummer, 
Bentley and Phillips, 1950; Holtkamp and Hill, 1950 ) verified require-
ments in mice, rats and swine for normal development of reproductive 
organs and lactation. Evidence for interaction of choline and 
5 
manganese in skeletal development and prevent.ion of perosis in poultry 
was produced by Jukes (1940), Hogan et al .  (1941) and Evans, Rhian and . --
Draper (1943), while Amdur, Norris and Heuser (1946) observed that 
manganese arii/or choline prevented fatty liver in rats. 
Pisturbances in bone formation, decreased bone strength, 
deficient testicular development and depressed hemoglobin levels 
resulting from manganese deficiencies in rats and rabbits (Wachtel, 
Elvehjem and Hart, 1943; Smith, Medlicott and Ellis, 1944; Smith and 
Ellis, 1947) increased interest in possible effects on domestic farm 
animals. Bentley a.� Phillips (1951) found 10 ppm dietary manganese 
ade�uate for growth in dairy heifers but inadequate for normal develop-
ment of estrous cycles and conception. Also observed were low ovarian 
manganese levels and abnormal hepatic tissue structure accompanied by 
a depression of blood manganese below levels found where normal rations 
were fed. They reported that 60 to 70 ppm dietary manganese were 
readily tolerated and suggested 20 ppm as an essential level in diets 
for. dairy cattle. Lassiter and Morton (1968) demonstrated that purified 
low-manganese diets fed to lambs caused anorexia, joint pain, skeletal 
abnormalities and decreased bone strength. 
Pltnnlee et �· (1954) observed no depression of growth rate or 
feed efficiency in young pigs fed 0.5 or 40 ppm dietai•y manganese, but 
general weakness, shorter body length and height and thicker fat layers 
6 
were common in pigs fed the lower level. A further study by this group 
(1956) demonstrated that boars fed 0.5 ppm were normal in growth rate 
and spermatogenesis, but gilts on the same diet exhibited decreased 
skeletal growth, increased fat deposition, irregular or absent estrus, 
muscle weakness, resorption· of some fetuses, poor mammary development 
and extremely poor milk production. Pigs fed 4-0 ppm showed none of 
these symptoms . • 
Gallup, Nelson and Darrow (1952) produced increased calcium and 
phosphorus excretion with dietary manganese supplements to beef cattle 
on pasture, but no effects on plasma calcium or phosphorus levels were 
evident. Similar effects were observed by Hawkins tl, al. (1955) who 
stated that supplemental manganese partially reversed depressing 
effects of high dietary monocalciurn phosphate levels on weight gain, 
ser� magnesium levels and life span of dairy calves fed experimental 
low-manganese diets. Further evidence of this effect was produced by 
Hignett (1959) who reported marked depression of manganese utilization 
in cattle fed excessive dietary levels of calcium and phosphate. 
Hansard et !!!· (1960) stated that excess manganese added to low­
phosphorus diets sharply reduced iron utilization by red blood cells 
and decreased tissue iron storage in rats. In an earlier study, Wachtel 
��· (1943) demonstrated increased manganese requirements in rats as 
the dietary calcium-phosphorus ratio.increased. 
Leach and Muenster (1962) reported a marked reduction in 
mucopolysaccharides of bone and cartilage when chicks were fed low­
manganese diets and further studies confirmed these effects (Leach, 
1967; Leach, Muenster and Wien, 1969 ). They stated that effects were 
due specifically to deficient manganese and not to altered food intake 
or choline content of the diet. Tsai and Everson (1967) observed 
similar effects in guinea pigs. 
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Deficient manganese depressed reproductive performance without 
affecting weight gain, feed consumption or feed efficien.cy in cattle 
fed experimental diets (Rojas, Dyer and Cassat, 1965), but all calves 
born to d�s fed 15.8 or 16.9 ppm manganese during gestation were 
deformed. A further study by Howes and Dyer (1971) with heifers fed 
13 to 21 ppm produced evidence of extensive placental transport 
linearly related to dietary manganese levels. Calves born to dams on 
the low-level diets were deficient at birth, but body manganese content 
increased up to 115-fold during the first week of life when supplements 
were provided. 
Fetal development in mice has been examined by. Hurley (1969) 
who reported that manganese deficiency during gestation caused 
irreversible congenital atrur..ia in the newborn similar to that caused 
by the mutant pallid gene and that manganese supplementation of 
gestating females homozygous for the pallid gene prevented gene 
expression in offspring. Offspring from supplemented dams grew 
normally and reproduced but transmitted the ataxic condition unless 
additional dietary manganese was provided. Abnormal formation or 
absence of otoliths essential for balance were found in the ataxic 
arrlmals.-
• 
Comens (1956) reported indications of manganese deficiency as 
an etiologic factor in induced hydralazine disease of poult�J and rats 
and in lupus disseminatus in humans. 
Manganese Requirements 
Underwood (1971) indicated that mice, rats and rabbits were 
unable to grow normally with 0 .1 to 0. 2 ppm manganese in milk diets 
or with O. 2 to O. 3 ppni in synthetic diets. Holtkamp and Hill (1950) 
reported that 1.0 to 20.0 mg fed daily to lactating rats caused no 
ill effects and that 2 .  00 mg per day at 30 days of age a.'tld J. 75 mg per 
day at 50 days of age were optimal for growth. They suggested that 
40.0 ppm in the diet was an adequate level for rats. Smith and Ellis 
(1947) stated that 4.0 mg per day was required for normal growth in 
rabbits. 
Atkinson et �· (1967) reported that optimum dietary manganese 
8 
levels in turkeys were 54 to 108 ppm based on reproductive performance. 
No abnormal embryos were found where hens received 27 ppm but fewer 
embryos hatched. Underwood (1971) in:iicated that poultry requirements . 
were higher than for mammals, partially due to poor intestinal 
absorption, and were related to dietary calcium and phosphorus both of 
which decrease manganese availability. He suggested that 40 ppm in 
the die� was an approximate essential level, although the National 
Research Council (N.R.C., 1971) suggested a minimum of 55 ppm. 
Swine requirements are apparently much lower than levels found 
in normal diets. Liebholz, Speer and Hays (1962) stated that 0.4 ppm 
dietary manganese was sufficient for normal growth in baby pigs up to 
.. , .... _ 
9 
weaning, that natural. diets contained adequate amcunts and that no 
toxic symptoms other than growth depression occurred when pigs were 
fed up to 4000 ppm in the diet. Plumlee � !!,. (1956) demonstrated, 
however, that general weakness and abnormal development occurred in 
females fed 0.5 ppm and stated that suckling pigs required even more 
manganese than weanling pigs. Grummer !?!:. !;!,. (1950 ), Matrone, Hartman 
and Clawson (1959) and Underwood (1971) indicated that 50 to 125 ppm 
commonly found in swine rations may be excessive. N.R.C. (1968) 
requirements suggested a minimum of 20 ppm in the diet. Minimum 
dietary requirements have not been established for sheep and goats, 
but 20 ppm are believed adequate for cattle ( N.R.C., 1970; Underwood, 
1971). 
Specific requirements for humans are un..l<nown, but no natural 
deficiency is indicated where adult dietary intake is 2 to 10 mg per 
day (Peterson and Skinner, 1931; Cotzias, 1958; North, Leichsenring and 
Norris, 1960; Lang, North and Morse, 1965; Tipton, Stewart and Morton, 
1966; Engel, Price and Miller, 1967; Underwood, 1971). 
Manganese Metabolism 
Limited absorption, rapid turnover and fecal excretion are 
believed characteristic of manganese metabolism in mammals (Cotzias, 
1958; North � al., 1960; Cotzias and Papavasiliou, 1964; Bertinchamps, 
Miller and Cotzias, 1966; Cotzias, Miller and Edwards, 1966; 
Papavasiliou, Miller and Cotzias, 1966; Tipton .21!!.·�1966; Gamble 
� al. , 1971; Underwood, 1971). 
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Matrone .21!1· (1959) observed a relationship between dietary 
iron and manganese that suggested mutual competition for absorption 
mechanisms; a supplemental manganese level of 2000 ppm decreased heme-
globin formation in rats arrl baby pigs but could be overcame by addi-
tion of 400 ppm dietary iron. Pollack et ,!J;. (1965) found increased 
iron and manganese absorption in anemic or iron-deficient rats, but 
manganese absorption was depressed by increasing dietary manganese 
levels in mice (Britton and Cotzias, 1966; Hughes, Miller and Cotzias, 
1966) and was inhibited in rats by the presence of dietary zinc, 
cadmium and mercury (Sahagian, Harding-Barlow and Perry, 1967). 
Mena� al. (1967, 1969) demonstrated a close positive correla-
tion between rates of dietary iron and manganese absorption in anemic 
and normal humans and in chronic hllman manganese poisoning, confirming 
earlier results by Pollack tl al. (1965) in rats. Diez-Ewald, 
Weintraub and. Crosby (1968) observed similar effects in rats, 
employing radioactive iron (59Fe) and manganese (5�"Mn). 
North et al. (1960) reported a linear relationship between --
manganese intake and retention in college women consuming normal 
diets, with a daily intake of 2.73 to 5.28 mg (mean= 3.70 mg) and 
daily fecal excretion of 0.40 to 2.58 mg (mean= 1.54 mg). Lang� al. 
(1966) observed that average daily intake, excretion and retention 
were 7.07, J.74 and 3.34 mg, respectively, in college men consuming 
vegetarian diets. Tipton � al. (1966) reported an inverse 
relationship between intake and retention in adults, in contrast to 
North � al. (1960) but agreeing with results pr�uced by Pollack 
� !!· (1965) and Cotzias arrl associates (1966). 
11 
The possibility of mutual competition for absorption or 
transport systems was suggested by iron and manganese studies in 
mammals. �Iatrone �!1_. (1959) suggested possible interference fran 
manganese by oxidation of iron from Fe+2 to Fe +3 or by interference 
with enzyme systems at the abs orpti on site. Soluble complexes of. 
both metals are known to occur within the intestine and are dependent 
on pH levels (Cotzias, 1958; Sahagian � �., 1967; Bremmer, 1970; 
Underwood, 1971). Haslop and Robinson (1963) stated that, "The 
chemistry of cobalt, manganese and iron is similar. Their ionic radii 
are similar an:l they tend to coordinate with six ligands and form 
octahedral complexes. These similarities are possibly responsible for 
similar behavior d uring absorption from the intestine." Positive 
correlation of iron and manganese absorption rates has been demon­
strated in rats ( Pollack � !1_., 1965; Diez-Ewald et al . , 1968) and 
in humans (Mena .2!:. &· , 1967, 1969). Sahagia,."'l et �· (1967) suggest.ed 
that competition occurred between manganese, zinc, cadmium and mercury 
for common available uptake sites in studies employing rat intestine. 
Schade � al .  (1970) rep orted that iron absorption was decreased by 
the presence of cobalt. Possibility of interference by calcium in 
transmembrane manganese transport was suggested by Yanaga and Hollar.d 
(1969) who studied the effect of manganese on transmembrane potential 
and contractility of rabbit atrial muscle. They stated.that manganese 
concentrations of 0.5 to 5.0 mM c onsistently depressed the pl ateau 
12 
and shortened duration of the action potential, producing decreased 
muscle tension. These effects were reversed by adding calcium. They . 
suggested mutually antagonistic effects that were partially depetdent 
on concentrations and ratios of these elements. 
Brown and Rother (1963) demonstrated two pathways of iron 
absorption in rats, one an early rapid-transit form of iron associated 
with glycine arrl serine, the other a later slow-release form of iron 
associated with ferritin. Cotzias and associates (1958, 1966, 1967, 
1968) have established the existence of several body pools of manganese 
with different turnover times partially dependent on manganese levels 
but also believed related to absorption mechanisms in mice, rats and 
humans. Manganese was bound by plasma proteins but not by ferritin. 
Foradori et al. (1967) produced evidence that manganese was totally 
bou�d by beta-1-globulin in huraan blood plasma. 
Control of body iron content by absorption mechanisms is well­
established (Guyton, 1971), but the regulation of body manganese 
levels by absorption and/or active excretion is less clearly defined 
( Butt et al., 1956; Cotzias, 1958; Pollack et al . ,  1965; Bertinchamps 
and Cotzias, 1966; Britton and Cotzias, 1966; Diez-Ewald et al., 1968; 
Suso and Edwards, 1969; Thomas, 1970; Gamble et al., 1971; Howes a.nd 
Dyer, 1971; Underwood, 1971). 
Chronic manganese poisoning in humans from inhalation of 
manganese dust presents the possibility of absorption from lung 
tissue, but studies with radioactive manganese have indicated transfer 
of dust to the esophagus and passage to the gastrointestinal tract 
( Bertinchamps ,tl &·, 1966; Mena tl !l·, 1969). Butt � al. (1956) 
observed no change in liver manganese levels in a series of human 
patients with hemocr...romatosis or refractory anemia where high levels 
of iron, lead, molybdenum and calcium ·were found in liver tissue arrl 
stated that these trace metal patterns were found in othe1• iron 
storage diseases, such as Cooley's anemia, sickle-cell anemia an:l 
siderosis of the Bantu tribes. 
Comans (1956) reported that simultaneous feeding of manganese 
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citrate prevented hydralazine-induced perosis in young chicks and that 
manganese glycerophosphate or pantothenic acid prevented convulsions 
in hydralazine-injected rats. Manganese also prevented formation of 
lupus erythematosus cells and improved conditions in human patients 
suffering hydralazine toxicity or lupus disseminatus. He suggested 
possible dependence of enzyme syste.llls on the manganous ion "which may 
possibly be bound in h:ydralazine disease." 
Cotzias tl al. (1968b) reported a significant difference in 
5� turnover and j_ncreased hepatic loss from administration of oral 
aspirin to patients with rheumatoid arthritis. Also observed was a 
tendency for exogenous glucocorticoids to redistribute body manganese 
and give some relief in arthritis (¥.i.aynard an:l Cotzias, 1955; Hughes 
et al., 1966; Cotzias et al. , 1968a), although total body manganese -- ...._, - .-..... 
levels remained stable in adrenalectomized mice (Cotzias and 
Bertinchamps, 1960). 
Britton and Cotzias (1966) reported that turnover of parenteral 
54zvrn was directly related to dietary levels of stable mari.ganese (55r'1n) 
277542 
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over a wide range of dietary levels in mice. Increased dietary levels 
produced more rapid turnover, although body manganese content increased. 
Conflicting results were reported by Suso ar:rl Edwards (1969) in chicks. 
Addition of 110 ppm to normal chick diets caused a significant decrease 
in absorption within 45 minutes and increased tho biological half-life 
of manganese previously absorbed. 
Howes and ThJer (1971) observed increased levels in liver, muscle 
and marr.ow-free bone in calves from heifers fed supplementary mangane�e. 
When heifers were maintained on a low-manganese diet, calves were 
deficient at birth but increased body content rapidly if dietary 
manganese was provided.. Gamble et al. (1971) indicated that liver 
served as the principal metabolic manganese pool and that pregnancy had 
no effect on maternal tissue retention, organ distribution or turnover 
rate in gilts. 
Earlier studies by Bolton (1955) have suggested a relationship 
with hormone levels. Injection of estradiol dipropionate (ED )  into 
immature pullets over a 12-day period caused an increase from 
undetectable manganese leyels in plasma to levels of 13.8 ug/100 ml 
in pullets receiving 1.0 mg ED/day. Pullets injected with progressively 
higher levels from 0.1 mg ED/day the first day up to 2.0 mg ED/day on 
day 12 had plasma manganese levels of 34.9 ug/100 ml. Total liver 
manganese increased from 58.4 ug to 78.3 ug in pullets on equal daily 
treatments and to 77.3 ug in pullets on unequal daily treatments. 
Pullets that were laying had plasma levels of 6.35 ug/100 ml and 89.3 
ug total liver manganese. The author suggested that liver probably 
serves as a ma.�ganese pool for egg production as an explanation for 
higher levels in laying hens than immature controls. 
Studies using rats have demonstrated that, in employing high 
dietary or injected manganese l evels, bile was the primary route of 
excretion ( Bcrtinchamps et al., 1966). Surgical stress also 
accelerated biliary excretion in rats and manganese overloads c aused 
auxiliary routes, p2.rticularly the pancreas, to participate in 
excretion (Cotzias and Papavasiliou, 1964; Papavasiliou et al., 1966; 
Bertinchamps ,tl al., 1966). Similar results in mice and dogs were 
reported by Burnett et al .  (1952). 
Robinson � al. (1960) reported that excess dietary manganese 
decreased iron absorption and fiber digestibility in beef cattle and 
reduced c ellulose digestion ,1!! vitro by rumen microorganisms taken 
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from animals on high-manganese diets. Tissue analyses showed increased 
manganese storage and iron depletion, particularly in liver, spleen 
and hypophysis. They suggested greater effects of manganese on 
function than on structure of tissues and organs involved, although 
Bentley and Phillips (1951) observed structural hepatic alterations in 
manganese-deficient c attle. 
Cunningham, Wise and Barrick (1966) stated that 5000 ppm 
dietary manganese ad ded to normal diets depressed volatile fatty acid 
production and c aused marked changes in rumen flora in fistulated c ows. 
Bentley (1947) had earlier demonstrated a signific ant dif ferenc e  in 
microbial species response to manganese in vitro. Pfander et al. --
(1966) c onfirmed interferenc e with cobalt uptake by rumen 
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microorgani��s when cat tle were fed high levels of manganese and 
suggested that " the large biological response • • • from manganese 
added at levels below that in many na.tural feedstuffs appears to be due 
to action on both microorganis.'Tls and host. " Reddy, Wostman and 
Pleasants (1966), however, discover·ed no difference in tissue manganese 
levels between germ-free arrl normal rats when diets contained 800 ppm 
iron, 100 ppm copper and 200 ppm manganese. 
Maynard and Cotzias (1955) reported rapid distribution of 5�n 
throughout the body in rats with mitochondria being the principal site 
of cellular uptake.  They stated that , "The observed distribution of 
manganese would be compatible with its funct ioning as a respiratory 
cofactor. " Thiers and Vallee (1956) observed a similar distribution 
in rat liver. Zetterstrom (1956) demonstrated that bilirubin added to 
.!!! vi tro suspensions of isolat ed mitochondria prevented oxidative 
phosphorylati on and Witzleben (1971) further irrlicated effects on liver 
functi on by demonstrating that infusi on of bilirubin into animals 
pre-treated with manganese caused severe cholestasis as indicated by a 
rapid drop in bile flow. Bile secreted became opaque and viscid. 
Jonderko and Szczurek (1970) reported that pat hologi c changes 
in rabbit liver induced by oral manganese chloride decreased when 
manganese levels were reduced, followed by proliferati on of hepatic 
connective tissue. A marked reduction in liver arginase activity 
demonstrat ed in manganese-deficient rats ( Boyer, Shaw and Phillips, 
1942 ; Shils and McCollmn, 1943 ; Wachtel et . al . ,  1943) and in rabbits 
( �ith, Medlicott and Ellis , 1944) was returned to normal by diet ary 
supplementation. 
Blakemore , Nicholson and stewart (1937) reported lactation 
tetany ass ociated with depressed blood magnesium levels in sheep and 
c attle graz.ing on pastures high in manganese content .  They produced 
similar results by oral administration of manganese chloride. Weed 
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and Rothstein (1960 ) studied manganese uptake by human red blood cells 
and observed inhibition by magnesium but much greater inhibition by 
calcium. They c oncluded that manganese uptake was by passive diffusion 
but was influenced by binding or other chemic al reactions within the 
cell . Sahagian et al. (1967 ) suggested that manganese transport is 
independent of met abolic energy, is not unidirectional and is 
inoperative against a concentration gradient . Foradori tl al. (1967) 
concluded that manganese and magnesium interchange physic ally and 
functionally in many .!!.! vitro biological systems but stated that high 
biospecificity exists in  intact mammalian systems. They proposed that 
in vitro exchange is caused by lack of an intact circulatory system - ---
since , in �' · magnesium is partially and nonselecti vely bound by 
serum proteins while mangane se is totally and selectively bound by 
bet�-1-globulin. They further interpreted this to  mean that plasma 
proteins c ontribute to  biological specificity by discriminating 
between a trace metal and a macronutrient. 
Svajgr , Peo and Vipperman (1969 ) observed that supplementing 
50 ppm dietary mang anese to growing-finishing swine resulted in highest 
blood magnesium levels where pigs were confined and lowest blocx:i levels 
for pigs on pasture but were unable to explain these result s .  
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�Ianganese ·activity as a hypoglycemic agent was c onfirmed by 
Rubenstein,  Levin and Elliott ( 1962 ) in an unusual case of human 
diabete s .  Fore (1963 ) suggested that, since the pituitary and 
pancreas are both rich in manganese content and are known to partici­
pate in carbohydrate  metabolism , hypoglycemia may have resulted from 
interaction with eithe� or both of these glands . Mehrotra , 
Chakravarti and Mang al (1964 ) produced evidence that oral manganese 
chloride functioned as a hypoglycemic in 15 cases of human diabetes ,  
but a single dose was not adequate to control hyperglycemia .  
Everson, Hurley and Geiger (1959 ) discovered that manganese­
deficient guinea pigs exhibited gluc ose toleranc e curyes similar to 
those observed in human diabetes mellitus and that addition of dietary 
mangane se corrected the c ondition . They observed aplasia or marked 
hypoplasia of all cellular pancreatic components ,  accompanied by 
decreased numbers of pancreatic -islets which were incre ased in size 
with les s  intensely granulated beta cells and fewer alpha cells • 
.Added dietary manganese increased the numbers of islets and beta cells 
and increased beta cell gr��ulati on (Everson and Schrader , 1968 ; 
Schrader and Everson ,  1968 ) .  
Scrutton, Utter and Mildvan (1966 ) in two separate studies 
verified manganese inc orporation into pyruvate carboxylase 1!1, � 
and a manganese function in transfer of carboxyl groups from the 
enzyme-biotin-C02 intermedi.ate to pyruvate in the transcarboxylation 
reaction. Further evidence of manganese activity in carbohydrate 
metabolism was observed by �iedman and Rasmussen (1970 ) who stated 
that addition of the manganous ion stimulated gluconeogenesis in 
isolated perfused rat liver without �.ltering 3 '  , 5 '  - adenosine 
monophosphate (AMP) c oncentration , while changes in calcium ion 
concentration in the perfusate had little effect . Chew (1971) in a 
limited study c oncluded that 54i-fn was excreted more slowly than zinc 
in field mice (Peromyscus polio11otus ) but stated that manganese 
excretion showed no relationship to energy met abolism .  
Manganese supplements reduced backfat thickness  and fat 
deposition in swine (Plumlee � al. , 1954, 1956) and stimulated 
hepatic cholesterol and fatty acid synthesis in rat s  (Curran, 1954) 
but its function in lipid metabolism has yet to be established 
(Underwood ,  1971). 
Manganese Toxicitv 
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Chronic manganese poisoning in humans appears primarily with 
inhalation of m anganese  dust and with regular daily exposure over 
periods of 6 months to several years before symptoms develop (Schuler 
� al. ,  1957; Mena et al. , 1967 , 1969, 1970). Pathologies of liver 
(Jonderko and Szczurek , 1970) and of neural tis sue (Chandra and Sur , 
1970; Mustafa and Chandra,  1971) in rabbits c aused by excessive 
dietary levels resemble pathologic changes in chronic human poisoning 
c aused by inhalation of manganese dust (Schuler et 1!1· • 1957; Cotzias 
,tl al . ,  1966; Mena� al . ,  1967 , 1969, 19'/0). 
British· Anti-Lewisite ( BAL ) has been employed in treatment of 
mangane se poisoning with limited success . More commonly used are 
solutions of calcium disodium versenate (EDrA) and c alcium glucuronate 
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given intravenously to antagoniz e mangane se activity, with atropine 
employed to control muscular tremors . Therapeutic success is limited 
by the extent of neural involvement ; full-blown neural effect s offer 
little hope for permanent improvement (Moeschlin, 1959 ; von Dettingen , 
196J ) .  
Mena tl al. (1970 ) treated human patients suffering chronic 
manganisrn with L-dihydroxy phenylalanine (L-Dopa ) give n per � at 
levels up t o  8 grams daily. Five of six patients exhibited striking 
improvement in postural reflexes and balanc e . Symptoms in the sixth 
p atient were aggravated by L-Dopa , but 3 grams daily of DL-5-hydroxy 
tryptophane appeared to give some improvement . - They suggested , 
therefore , that balanc e between tryptaminergic and dopaminergic 
receptor resp onse s  may be import ant in extrapyrimidal control of 
muscle tone and mcvement . M�stafa and Chandra ( 1971 ) administered 
400 mg of 1'1n02 to rabbits intr atrachi ally and me asured effects on 
concentrations of 5-hydroxy tryptophane , (5-0H-T ) ,  dopamine and 
norepinephrine . They observed no changes in 5-0H-T but a 21� decre ase 
in dopamine and · a 58% decre ase in norepinephrine when c ompared to 
c ontrols , suggesting a possible relationship between manganese toxicity 
and . mediati ng subst anc es involved in neural and muscular control . 
Precise dietary manganese levels that produce toxic symptoms 
in mammals have not been determined . Studies have suggested or 
demonstrated decreased hemoglobin synthesis and/ or REC formation, 
depressed appetite or gro��h and altered neural and/ or muscular 
functi on in c attle , sheep and swine (von Dettingen, 1935 ; Blakemore 
� al. ,  1937 ; Grummer � al . ,  1950; Hartman et al . ,  1955 ; Matrone 
_tl al. , 1956 ;  Cotzias, 1958 ; Hansard et al . , 1960 ; Pfander et al . , 
1960 ; Cunningham et al . ,  1962 ; Liebholz � al . , 1962; Svajgr et al. , 
1969 ) .  Experimental attempts to duplicate these responses have met 
with inconsistent results in domestic and laboratory animals ( Hansard 
et al. , 1960 ; Robinson et al . , 1960 ; Sullivan, 1960 ;  Liebholz et al. , - �  � - __.._. _ 
1962 ; Machiewicz, 1965a , b ;  Cunningham et al. , 1966 ; Chandra and Sur , 
1970 ; Underwood, 1971 ) .  Massive oral doses of ma.�ganese sulfate in 
hum an patie.nts over periods of 34 to 570 days failed to produce 
symptoms of poi soning and produced only slight elevation of blood 
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manganese levels with no symptomatic pathology (Cotzias et al . ,  1966 ) .  
A survey of literature regarding manganese toxicity indicates 
inconsistent individual and species response t o  normal or high dietary 
levels . Unexplained relationships to magnesium, calcium, phosphorus , 
c obalt, zinc,  and iron and to adrenal or other hormones may be 
reflected in these inconsistencies (von Oettingen, 1935 ;  Bolton, 1955 ; 
Cotzias, 1958 ; Thomas, 1970 ; Underwood ,  1971 ) .  
Limited data available give some indication of specie s vari ation 
in toxic response to parenteral manganese . N. R. C .  ( 1956 )  reported 
subcutaneous lethal doses ( LD )  of manganese chloride in mice of 180 
to 250 mg/kg and 180 mg/kg body weight in rats and rabbits .  Intra­
venous lethal doses (LD50 ) reported are 201 . 6 mg/kg in dogs and 64. 8 
mg/kg in rabbits . Toxic dose levels for other domestic animals 
apparently have not been determined . 
Manganese Concentrations in Blood 
A study by Titus � �· (1928 ) sugges ted possible functional 
importance of manganese to hemoglobin formation in rats , although 
Hart et al. (1929 ) and Waddell et al. (19 29 ) were unable to c o·nfirm a -- .....-. ...... ---
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similar response in rats and baby pigs . Beard et al. ( 1931 ) and Myers 
and Beard ( 1931 ) produced evidence of greater red blood cell synthesis 
and maturation from increased dietary manganese in rats , in contrast 
to work by Mitchell and Miller ( 1931 ) who observed no significar1t 
effects on hemoglobin synthesis but an increase in food intake and 
growth in young rat s . Dietary manganese levels of 500 and 1000 ppm 
in rats depressed growth , iron abs orption and iron uptake by red cells 
( Hansard et �. ,  1960 ) .  Severe but reversi ble anemia was produced by 
adding 4. Of, mang ane se edet ate to basal rat diet s with severity 
inversely related to age ( Sul�ivan , 1960 ) .  
Pollack � al . ( 1965 ) st ated that rats rendered iron deficient 
by ble.eding and diet absorbed twice as much manganese , three times as 
much co balt and five times as much iron as normal controls . In a 
similar study l1achie1�lcz (1965 a , b )  elicited no beneficial effec ts from 
manganese injected alone into anemic rat s ; but , when supplemented with 
iron. injections , increased hemoglobin synthesis and erythropoiesis 
occurred , above levels produced by iron alone . 
Diez-Ewald � al .  (1968 ) produced highest rates of iron 
absorption in iron-deficient rats with high dietary mangane se levels . 
Diets contained ( 1 )  stand ard rati ons with 50 . 5  ug Mn and 320 ug Fe 
added/ g ,  ( 2 )  stand ard rations with 33 mg Mncl2 and 320 ug Fe added/g ,  
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and (.3 )  standard ·rations w.i th 33 mg MnClz and 800 ug Fe arlded/ g of 
ration. Highest iron absorption (11 . 4% )  oc curred on diet ( 3 )  c ompared 
to 8 • .3% on diet (2) and 5.9% on diet (1) .  No signi ficant differenc e  
in hematocrit value s occ urred over a 23-week period and liver 
histology was normal in all groups at the end of the period. Incre ased 
liver manganese storage and iron depletion occurred with the high 
manganese levels . Irritation of gastrointestinal muc osa by MnC12 · and 
increased blood l o ss was believed to be the c ause of iron depletion , 
while body mangane s e  balance was m ai nt ained by inc reased excretion . 
Further study produced evidenc e that varying dietary manganese levels 
from 3 . 0  to 50. 5 ppm did not alter iron absorption , iron excretion or 
hematocrit levels but increased 5� uptake by red c ells occurred at 
the higher dietary level . 
Decreased hemoglobin and serum iron levels were rep orted by 
Hartman, Matrone and Wise (1955 ) in anemic and norm al lamb s  fed as 
little as 45 ppm dietary manganese . Yearling cattle fed normal diets 
supplemented by 250,  500 or 1000 ppm mangane se showed no c onsistent 
effects on blood parameters , but inc reased mangane se storage and iron 
depletion , especially in liver , spleen ar.d hypophysis , were e stablished 
by tis sue analyse s  ( Robinson et al . , 1960 ) .  They suggested greater - - . 
effec ts of manganese on func tion than on structure of the organs arrl 
tissues  analyzed. Similar results were observed by Cunningham , Wi se 
ani Barrick (1962 ) in dairy c alve s fed bas al diet s  supplemented by 
818 , 2455 or 491-1 ppm manganese , but a later study ( Cunningham tl .!!_. ,  
1966 ) produced i nc onsistent re sults when one group of c alves exhibited 
.,,  --
depressed hemoglobin levels , while another group demonstrated 
depressing effects only on appetite and weight gain .  
Evidence o f  manganese porphyrins i n  red blood cells was 
produced by Borg and Cotzias ( 1958 )  and Diez-Ewald � !!.· ( 1968 ) ,  
indic ating manganese incorporation into the heme group o f  hemoglobin, 
and by Weed and. Rothstein (1960 ) who demonstrated mru1ganese binding 
within red cells . 
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Studies of manganese porphyrins in photosynthesis have indicated 
a proton function a.l'ld electron transport in oxidation-reduction 
reactions (Loach and Calvin, 1963b ;  Thiele , Behlke and Scheler , 1963 ; 
Itoh 2.!:. �. , 1969 ) .  Studies of manganese-heme-porphyrin complexes 
in oxidation reactions have demonstrated a similar function in 
physiological pH ranges (Loach and Calvin, 1963a , 1964; Davis and 
Montalvo , 1969 ) .  Himmelhoch et .!!.· (1966 ) found iron , zinc , nickel 
and manganese , reproducibly, in specific fractions of human S6rum, 
presumably as metallo-proteins .  Fabry, Simo and Javakerian ( 1968 ) 
prepared manganese mesoporphyrins that could be reduced , and reoxidized 
by 02 , in a manner analagous to natural hemochromogens . Davis a.:rrl 
Montalvo ( 1969 ) �eported that the Mn+2-hematoporphyrin IX complex was 
unstable at physiologic pH ranges but was st abilized by the presence 
of strong electron-attracting side chains or by a nonaqueous environ­
ment .  The Mn+3_hematoporphyrin IX complex remained stable under the -
same conditions . Waterman and Yonetani ( 1970 ) prepared hybrid 
hemoglobin cont aining Mn+3 and Fe+2 subunits . 1.!l, vitro . studies 
indicated that the Mn+3 subunits bound neither 02 or C02 while the 
Fe+2 subunits - bound both . The lowered affinity of mangane se subunits 
for these gases was believed due to the presence of an ur..i.dentifi ed 
prosthetic group . 
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Low mangane se concentrations have made ti ssue levels di fficult 
to measure with accuracy. Bentley, Snell and Phillips (1947 ) reported 
5 . 0  to 8. 0 ug mangane se/100 ml cattle blood as indicated by micro­
biologic al ass ay.  In a later study ( Bentley and Phillips ,  1951 ) ,  an 
increase from . 4. 6 ug to 6 . 6 ug manganese/ gram dry c attle blood was 
observed when diet ary manganese was increased from 10 to 60 ppm . 
Bowen ( 195 6 )  reported concentrations of 1 . 4  to 3 . 4  ug mangane se/100 ml 
in human serum by neutron acti va.tion analysis . Much higher levels of 
29 to 40 ug mangane se/100 ml human blood and 14 to 50 ug manganese/100 
ml serum were measured by Durgakeri and Bellare ( 1961 ) .  Newland and 
Davis (1961 )  reported similar levels in swine blood . Both groups 
employed chemic al analyses . Sawkney and Kehar ( 1961 ) found slightly 
lower levels , 18 . 0  to 18 . 4  ug manganese/100 ml, in whole blood of 
c attle , values similar to  those found by Srivastava, Pandya and Zaidi 
( 1969 ) .  
Fernandez ,. Sobel and Jac obs (1962 ) described a sensitive 
chemical method for mang anese determination and reported human serum 
levels of J . 6  t o  9 . 0  ug/100 ml .  Similar value s were indic ated by 
Butt ,tl &· ( 1964 ) and Mahoney et !!1.· (1969 ) who utiliz ed spe ctro­
chemical methods . Liebholz , Speer and Hays ( 1962 ) reported le vels of 
4. 0 to 5 . 0  ug manganese/100 ml in blood of normal baby pig s .  The se 
lower values were confirmed by neutron activat.ion analysis when 
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contamination was held to a minimum ( Papavasili ou and Cotzias ,  1961 ; 
Cotzias , Miller and Edwards ,  1966) . S. T .  Miller (pers onal c ommunic a­
tion, 1971)1 st at ed that " one of the major problems • • •  in trying 
to do the native metal determinati ons is contamination of the sample 
to an extent far gre at er than the original value . "  
Mangane se in Milk � Fet al Transfer 
Mangan�se c oncentrations in milk appe ar to re f1.e ct diet ary 
levels which tend , in some degre e ,  to obscure spe cie s variati on .  Dat a  
indicate that subnormal concentrati ons in milk tend t o  acc ompany 
subnormal dietary levels and that mangane se supplem ents increase milk 
mang anese c ontent . Body size , stor age and rapid excretion buffer the se 
effects ( Kemmerer and Todd , 1931 : Cotzias , 1958 ; Kirchgessner , Friesecke 
and Koch , 1967 ; Thomas , 1970 ; Underwood , 1971 ) .  Grebennikov , Soroka 
and Sabadash (1963 ) st ated that milk mang ane se c ontent depend s  on the 
rat e  of growth , i . e . , m angane se concentrati ons are hi gher in th ose 
species that double birth weight more rapidly. Their d at a  and that of 
Sat o  and Mur at a (1932 ) from analyse s  of human , horse , cattl e , she ep 
and goat milk tend to support thi s belief . Colostrum c ontains much 
higher m anganese c onc entrations than normal milk ac cording t o  dat a  
report ed by Sato and Murata ( 1932 ) and Kirchges sner e t  �· (1967 ), but 
conc e ntrations rapidly decline within the first week a�er parturition. 
Average levels of 10 to 50 ug mangane se per liter of normal c ow' s milk 
1s . T .  Miller , Br ookhaven Nati onal Laborat ory, Associ ated 
Univer sitie s , Inc . , Upton , Long Isl and , New York . 
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and 130 to 160 ug per liter of colostrum were reported.  Similar values 
were recorded by Archibald and Lindquist (1943 ). No recorded data 
appear to exist for manganese concentrations in swine milk . 
Fetal effects of dietary manganese deficiency in gestating 
females have demonstrated that placental manganese transfer occurs and 
is essential for normal fetal development (Orent and Mccollum , 1931; 
Plumlee tl &· , 1956; Everson tl &· ,  1959; Rojas � &· , 1965; 
Schrader and Everson , 1968; Hurley , 1969 ). Newland and Davis (1961 ) 
observed no difference in  fetal birth weight from sows fed 6 or 100 
ppm dietary manganese, but maternal blocx:l manganese levels were about 
50% higher and fetal manganese levels ware significantly higher on 
days 60 , 80 and 110 of gestation in sows on the high-manganese ration. 
They demonstrated that radioactive manganese was transferred in 
detectable amounts to 110-day old fetuses over a 3-hour period. 
Gamble et !1,. (1971 ) studied manganese utilization and placental 
transfer in gilts that received oral or intravenous (IV ) tracer doses 
of cal'•rier-free 54Mnc12• After 7 days , 26% of the oral and 7 8% of 
the IV dose was retained. Gilts consuming 87 mg of manganese daily 
excreted 62 mg aJ1d absorbed 25 mg. Liver served as the principal 
metabolic pool , reaching maximum 54.Mn concentration 6 hours after 
dosing. Pregnancy had no effect on maternal tissue retention , organ 
distribution or turnover rate, but fetal mass appeared to be a major 
factor affecting placental manganese transfer . Third trimester litters 
contained 6. 4 mg in the fetal tissues , l. l.f. mg in the placenta and 
0 . 6 mg manganese in placental fluids ,  respectively . After 168 hours , 
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25 . 7% of the retained 54.Mn had been transferred to conc eption products ,  
87% of which was i n  the 110-day old fetuses .  11.a.ternal liver , pancreas , 
kidney, heart and spleen , in that order , contained the highest conce�­
trations of mangane se , but fet al pancreatic manganese conc entration 
was four times gre ater than in fetal liver . Howe s and Dyer (1971 )  
reported that mangane se supplementation i n  heifers doubled fetal liver 
mang anese and that supplement ation in newborn calve s incre ased liver 
conc entrations up to 115-fold in 7 days . 
Very little conclusive data a.re available regarding effects of 
milk mangane se levels on suckling young . Skinner et al . (1931 )  
c oncluded that total body manganese increased continuously in rats 
after birth , with two peaks observed--one at birth and one at weaning-­
and that dietary manganese supplements during ge station increased 
c oncentrati ons in the newborn . .Addition of manganese to diet s of 
deficient female s during lactation did not incre ase c onc entration in 
the young and a consi stent decreas e  occurred in the young a�er weaning . 
Smith .2!:_ �. ( 1944 ) observed similar effects in rats . Lorenz en and 
Smith ( 1947 ) also concluded that tissue manganese levels increased 
from birth to weaning_ and reported liver c oncentr ations in newborn 
rats , rabbits and guinea pigs of 0 . 1 ,  2 . 3  and l . J ug manganese , 
respectively, per gr am of dry tissue . Skinner et al . ( 1931 ) stated 
that adding c opper or iron to milk rations decre ased mangane s e  
retention in young rat s .  Holtkamp arrl Hill (1950 ) fed 1 . 0 to 20 . 0  mg 
manganese daily to lactating rats without affe cting the young • 
. Liebholz _tl al . ( 1962 ) reported that O .  4 ppm dietary manganese was 
sufficient for normal growth in baby pigs up to weaning and that 
adequate levels were present in the normal milk diets, although 
Plumlee et al . (1954)  observed general weakness and poor skeletal 
development at dietary levels of 0 . 5  ppm in baby pigs . Howes a.n:i 
Dyer (1971 ) reported preferential manganese absorption 'With low 




EXPERIMENI' AL PROCEDURE 
Selection of Experimental Animals 
Eight purebred yearling Duroc gilts ,  weighing from 175 to 227 
kg , and six purebred yearling Hampshire gilts , weighing from 146 to 187 
kg , were selected for this study. All were alert , active and apparently 
disease-free and had been bred prior to purchase. Hampshire gilts 
were bred to a purebred Hampshire boar ;  Duroc gilts were bred to a 
purebred Spotted boar. Breeding dates were unknown , but all gilts 
farrowed between July 24 and September 28, 1971. 
Gilts were initially allotted randomly into three groups , one 
saline control and two experimental groups. However , two gilts from 
the experimental groups farrowed unexpectedly prior to  treatment and 
reallotment was necessary. These two gilts were arbitrarily reallotted 
to the saline control group and replaced in the experimental groups 
by gilts which had not farrowed. 
Initial intent was to administer three weekly pre-partum intra-
peritoneal injections to each gilt ; one group ( saline control ) to . 
receive 0 . 25 ml of 0 . 85% sodium chloride/kg body weight/week , one 
group to receive ·a . 5  mg manganese/kg body weight/week and one group to 
receive 1. 0 mg manganese/kg body weight/week. Breeding dates being 
unknown, this regime was not successful , with only one gilt in the 
control group and one gi lt in the high-level manganese group receiving 
three injecti ons prior to  farrowing. 
Experimental Groups 
Group I ( high-level mangane se ) consi sted of o ne Duree and one 
Hampshire gilt , each of which received one pre-partum in jectio n  of 
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1.0 mg Mn+2/kg body wei ght/week , two Duree gilts which rec eived two 
pre-partum injecti ons of 1 . 0  mg Mn+2/kg body wei ght/week and one Du.roe 
gilt which received three pre-parturn injections of 1 . 0 mg Mn+2/kg body 
wei ght/week . 
Group II ( low-level manganese ) consist ed of one Hampshire gilt 
which received one pre-partum inje ction of 0 . 5  mg t1n+2/kg body weight , 
two Hampshire gilts and two Du.roe gilts , each of whi ch received two 
pre-partum injecti o ns of 0. 5 mg Mn.+2/kg body weight/week . 
Group III ( sali ne control ) consisted of two Hampshire g ilts 
which rec eived no injections and two Duroc gilts , one which rec eived 
one injection and one which received three pre-partu.m injecti ons of 
0 . 25 ml of 0 . 85% NaCl/kg body weight/week . 
Gilts were maint ained in separate groups , by breed , pri or to 
tre atment . They were provided water ad libitum and approximately 1 .5  
kg  of  gestation feed d aily/gilt "W'lth free acc e s s  t o  brome grass-alfalfa 
pasture .  Duroc gilts were cons idered excessively fat ; therefore , were 
limited to 1 . 5  kg ge station feed daily to reduce condition prior to 
farrowing . Gilts were maintained on this regime until treatment began , 
then were housed individually in slanted-roof fr ame houses with straw 
bedding , providing approximately 48 square feet of floor space for each 
gilt with fre e  acce ss to a pen 6 feet wide and 16 feet long with a dirt 
floor . Ration compositj_ ons are pre sented in table 1. 
TABLE 1 .  RATIO N COMPOSITION 
Ingredient 
Ground yellow shelled c or n  
Ground oat s  
Wheat bran . 
Dehydrated alfalfa me al (17i) 
Soybean oil meal (44%) 
Me at and bone scraps 
Di calcium phosphat e 
Ground limestone 
Tr ac e mineral premix 
Total prot ein ( c alculated ) 
Ir on (10 s ample s ,  me an ppm ! S . E. ) 
Manganese (10 samples, mean ppm t S. E.) 
Water (10 samples , mean ppm ± S. E . )  
Iron 
Manganese 
0 . 16 t o . oo 
0 .12 !: o . oo 
Ge station ration 
% 
26 . 31 
30. 95 
15 . 47 
12. 38 
7 . 73 
J. 09 
1. 23 
1 . 85 
0 . 92 
15 . 6  
310 . 9  ± 22. 2  




15 . 43 
15 . 43 




0 . 92 
15. 9 
251. 2 + 25. 8 -
94. 3 ± 5 . 4 
w l\) 
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At i nit i ation of tr eatment , gilt s were placed in individual 
· pens and provided approximately 2 . 0 kg of gest at i on fe ed d aily wi th 
water provided ad libitum . They were fed only part i al rati ons , 
approximately 0. 5 kg of gestati on feed , duri ng the 24 hours following 
parturition and then were provided with lactation feed in increasing 
amounts until full fe ed was re ached oh the fifth day post-partum . 
There a�er , they were provided lact ation feed and water ad libitum 
thr oughout the exp eriment . Gilts and pigs had c onstant acc e s s  t o  s oil 
and lactation fee d  throughout the experimental p eri od .  
Temperature and We ather 
Daily temperatures were typical of e astern South Dakot a  for 
this s e ason. Summer temperature s ranged from approxim at ely 15 d e grees 
C at ni ght to 35 degrees C during middle daylight h ours . Fr o st 
oc curred after l at e  September , but no severe c old occ urred during the 
c ourse of the experL�ent . No indi cation of di stre s s  due t o  we ather 
was demonstrat ed except during some days in August whe n  highest daily 
temperatures occurr ed .  On t hose days , gilt s we re periodi cally spr ayed 
with water t o  r elieve he at distre s s . Anorexi a due t o  weather or h e at 
distress was not i ndi c ated . 
Sample Collecti ons 
Gilt s and pigs were held by an as si stant for ble eding and 
tre atment , g ilts being held with a c onventional c able operated hog­
h older fitted around the uppe r j aw. An aque ous solut i on of 
benz alk onium chloride (1 : 750) was used throughout the exper iment to 
"'"'' ·-
disinfect bleeding and inj ection sites in gilts and pigs . No case of 
infecti on occurred at thes e sites . 
Blood s amples were taken by venipuncture from the anterior vena 
c ava in gilt s immediately pri or to treatment and weekly thereafter for 
a minimum of 5 weeks post-partum , with the exception of the control 
gilts which farrowed before treatment . Blood samples from these were 
c ollected within 12 hours post-partum and weekly thereafter for 5 weeks.  
Samples . of 40 to 45 ml were drawn using a heparinized four-inch , 15-
gauge needle attached to  a 5 0-ml syringe , immediately expressed into  
5 0-ml Nalgene centrifuge tubes containing 0 . 2  ml (1000 units )  sodium. 
heparin and mixed thoroughly by inverting the tubes . Intraperitoneal 
treatment injecti ons were administered via the para lumbar fossae 
immedi ately a�er bleeding. 
Solutions for intraperitoneal injection  were prepar ed with 
research grade NaCl and VmCl2-4 H20 in double-distilled deioniz ed 
water . Solutio ns were prepared to contain 8 .  5 mg NaCl/ ml for saline 
control gil't-s and 2 .  0 mg Mn+2/ml for manganese -treated gilts , with 
c orrection made for water· of hydration in the manganese  compound . 
Pigs were immobilized on their backs on a small wooden trough 
with an as sistant holding front legs and head for bleeding.  They were 
numbered pri or to bleeding on the day of birth with dam and litter 
numbers according to a conventional ear notching system and eyeteeth 
were clipped . Blood samples were drawn from the anterior vena cava 
with a heparinized one and one-half inch , 19-gauge needle attached to 
. a 5-ml syringe , immediately expressed into 10-ml glass tubes containing 
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0 . 02 (100 units )  ·ml sodium heparin/ml of blood drawn and thoroughly 
mixed by inverting the tube s .  The first blood sample s drawn fran pigs , 
invari ably within 12 h ours o f  birth , ware minimum volumes required to 
determine hemog r am  parameter s  and provide 10-ml s amples for i r on a.trl 
manganese determi nations by pooling all sample s in the litt er .  Thus , 
samples t aken from pigs on the d ay o f  birth varied in volume acc ording 
to litt er siz e s . There after , appr oximately 5 . 5 ml of blood wer e drawn 
weekly from e ach pig for the hemogram and to provide 10-ml s amples for 
iron and mangane s e  determinations by pooling two s ample s .  Where uneven 
litter number s occurred , 10-ml sample s were secured by random pooli ng .  
Since literature referenc es c onsistently indi cated that contami­
nation by exogenous mangane s e  was a primary sourc e of error in deter­
mination of blood and ti ssue manganese levels , all Nalgene and glass­
ware us ed was thoroughly washed , rinsed twi c e  in double-dist ill ed ,  
dei onized wat er and immersed in a 3 . 0  normal hydrochloric ac id bath for 
a minimum of 4 hour s , followed by ri nsi ng twic e i n  double-di stilled , 
deioniz ed w�ter and oven drying . Syringes and needle s were c le aned in 
the s ame m anner �  rinsed brie fly in the acid bath , rinsed twi c e  in 
double-di stilled ,. dei onized water , heparinized and dried pri or to use . 
Hem.ogr am De terminations 
Red and white cell c ount s were determined innnedi ately following 
bleeding . In no c as e  did more than 3 hours elapse afte r  sample 
c ollection b e fo re c ounts were c ompleted . Packed c ell - volume and 
hemoglobin d etermi natio ns were done immedi at ely following c ompletion 
of cell counts and invariably were completed within 5 hours of sample 
c ollection. 
Red cells were counted in duplicate with a Coulter Counter 
Model � which was standardized for swine red c ells with the aperture 
set at 16 and attenuation set at 0 . 707 . Threshold settings varied 
from J . 5  to  8 . 0 for final counts due to variation in red cell size , 
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but cells were  counted at threshold settings from 2 . 0 to 10 . 0 to assure 
location of the most accurate counting range for each s ample . 
The .1 to 50 , 000 dilution for red cell counting was accomplished 
by a two-step methOCI.. First , 0 . 40 ml of blood was added to 20 . 0  ml of 
Isoton3 employing a Coulter Counter Dual-Diluter4 and thoroughly mixed . 
Next , 0 . 20 ml of the above solution was added to 20 . 0  ml of Isoton 
utilizing a 0 . 20 ml Oxford Sampler5 . The Isoton background count was 
determined and subtracted from total counts prior to red cell 
enumeration .  T o  correct counting errors caused by simultaneous passage 
of two or more cells through the aperture of the nosepiec e ,  a Coulter 
Counter Coincidence Correction Chart6 was employed to  give final counts . 
All samples  were thoroughly mixed immedi ately prior to  counting . New 
2coulter Electronics ,  Inc . , Hialeah , Florida .  
3coulter Electronic s ,  Inc . , Hialeah , F.lorida.  
4coulter Electronics ,  Inc . , Hialeah , Florida.  
50xrord Laboratories , San Mateo,  California . 
6coulter Electronics ,  Inc . , Hialeah , Florida. 
soluti ons were prepared and counts were repeated whe n  variable values 
occurred. 
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Total white blood cell counts were determined in dupli cate by 
standardizing the Coulter Counter for swine �mite cells with the 
aperture set at 16 and attenuation at 1 . 0 .  The threshold was varied 
from 7 . 0  to 12. 0  according to white cell size. One to  500 sample 
dilutions were prepared by adding 0 . 04 ml of blood to 20.0  ml of , 
Isoton employing the Coulter Counter Dual-Diluter . Six drops of 
Zap-Isoton? ,  a lysing agent , were added to lyse red cells. White cells 
were then counted by the same procedure utili zed for red cell counts. 
The microhematocrit method was employed to  determine packed 
cell volumes. Capillary tubes were centrifuged for 5 minutes in an 
.Ad ams Autocrit Centrifuge8 and volumes were read from the centrifuge 
scale . 
Hemogl obin c o:ncentrations wer e determined by the Hycel9 
cyanmethemoglobin technique , a routine method commonly employed in 
clinic al he�atological studies (Davidsohn and Henry, 1969 ) .  A linear 
five-point standard curve , including blank , 5 ,  10 , 15 and 20 grams 
perc ent hemoglob�n, was prepared by making specific  diluti ons of the 
Hycel ·cyanmethemoglobin standard with the standard Hycel reagent and 
reading these dilutions against a Hycel reagent blank. A Beckman 
7coulter
. 
Diagnostics., I nc . , Miami Springs , Florida. 
B
elay Adams , Inc . ,  New York , New York. 
9Hyc e� Cyanmethemoglobin Determinations , Hycel,  Inc . ,  Houston, 
Texas. 
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Grating Spectrophotometer , Model DB-�O was adjusted to  540 mu and 
employed in making standard and sample determinations . 
Determination of sample hemoglobin was acc omplished by adding 
0 . 02 ml of blood t o  5 . 0 ml of Hycel reagent , inverting the tube 
several times to cause complete hemolysis of erythrocytes and formation 
of the stable cyanmethemoglobin color complex and reading perc ent 
light transmission against a Hycel reagent blank . Readings were 
transferred to the standard curve arrl total hemoglobin concentration 
in grams/100 ml blood was obtained directly. Tot al hemoglobin measured 
by this me thod includes oxyhemoglobin , carbohemoglobin ,  carboxyhemo-
globin and methemoglobin but does not include sulfhemoglobin 
( Davidsohn and Henry, 1969 ; Hyc el ,  1971). 
Mean corpuscular volume (HCV ) , me an c orpuscular hemoglobin 
(MCH ) and mean corpuscular hemoglobin c onc entration (MCHC )  were 
calculated with the followi ng formulas : 
MCV ( cubic microns ) 
MCH (micromicrograms ) 
MCHC (peraent) 
� � Manganese Determinations 
_ packed c ell volume x 10 
- erythrocytes ,  million/cubic mm 
_ g hemoglobin/100 ml blo od x 100 - packed cell volume , percent 
Red cells and plasma were separated for iron and manganese 
determination by centrifugi·ng gilt blood samples in an International 
lOBeckman Instrument s ,  Inc . , Fullerton , California.  
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Centrifuge , Mode1 PR-211 in 50-ml Nalgene tubes and by centrifuging 
pig blood s amples in an Internati onal Clinic al Centrifuge , Model CL-212 
in 10-ml glass centrifuge tubes . All samples were centrifuged immedi­
ately after completion of hemogram determinations , invariably within 
7 hours of s.ample collection . 
Gilt blood samples were centrifuged for 20 minutes at 2000 rpm , 
plasma was decanted into Nalgene tubes , approximately 15 ml of 0 . 85% 
saline was added to the red cells and cells were again centrifuged for 
20 minutes at 2000 rpm . Supernatant was removed and added to the 
plasma with saline add ed to provide original blood s a.-rnple volume . 
Double-distilled , deionized water was added to red c ells to provide 
original blood sample volume . 
Ten-ml pooled pig blood samples were c entrifuged for 10 minutes 
at 3000 rpm , plasma was decanted into 10-ml glass centrifuge tubes ,  
approximately 4 ml of 0 . 85% saline was added t o  the red c ells and c ells 
were again centrifuged for 10 minutes at 3000 rpm . Supernatant was 
removed and added to the plasma with saline added to provide original 
blood sample volume . Double-distilled, deioniz ed water was added to 
the red c ells to provide original blood sample volume . Samples were 
refrigerated after separati on until further processing for iron and 
manganese determinations .  Gilt samples were stored i n  c apped Nalgene 
centrifuge tubes and pig s amples were stored in c apped glass centrifuge 
tubes .  
llrnternati onal Equipment Co . , Needham Heights , Massachusetts . 
i2Internat i onal Equipment Co . , Needham Hei ghts , Massachusetts .  
- -
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Application of any chemical meth od for determination of metallic 
eleme nts in biological samples requires careful preparat ion.  Removal 
of organic matter is of primary import ance and may be accomplished by 
wet digestion or by dry ashing samples .  Wet digestion may be done 
employing nitric acid-sulfuric acid or nitric acid-perchloric acid 
mixtures, both in the presence of heat, while dry ashing is d one by 
sample evaporation followed by he ating residues in a muffle furnace to 
remove organic matter . Preliminary compar isons of wet digestion with 
the dry ashing process on duplic ate blood samples indicated that dry 
ashing was an accept able analytical method . Therefo re, this method 
was adapted from Bolton, Cavender and Stack (1962 ) with modificati ons 
suggested by Emerick ( personal communication, 1971 )13 . 
Due t o  capacity of the muffle furnace employed in the ashing 
pro.cess, samples were usually processed in groups of 20 , cont aining 
10 plasma samples and 10 red c ell sample s . This procedure was altered 
when fewer gilt and/or pig samples were proc es sed or when feed samples 
were included . 
Literature ( Cotziap � al . ,  1966 ) and preliminary t rials in the 
ashing process i�dicated the following possible causes of inaccurate 
s ample iron and manganese determinations : 
1 .  Exogenous sources of iron and manganese from Nalgene, 
glass or porcelain ware used . 
13nr .  Royce J. Enerick , St ation Biochemistry, South Dakot� 
State University, Brookings, South Dakota . 
2 . Exogenous sources o f  iron and manganese from working 
surf aces or atmosphere . 
) . Mechanical los s of s ample material caused by spattering 
during evaporation. 
4. · Cross-cont amination of sample s due to spatt ering during 
evaporati on. 
5. Contamihati on of samples by interior surfaces  of the 
muffle furnace .• 
6. Contamination of s amples by the container us ed to hold 
cruc ibles in the muffle furnace and while cooling after 
removal from the muffle furnace . 
Since specific plasma and red cell c oncentrat i ons o f  these element s  
were of primary interest in this study, particular care was t ak e n  t o  
prevent these errors from occurring . Extreme care was employed in 
cle aning all glassware and contai ners used arrl all c ontainers were 
c apped or c overed to avoid c ont amination from working surfaces and 
air ins ofar as was possible . Other precautions employed will be 
ex��ined as steps in the ashing process are delineated . 
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Samples tq be ashed were placed in 30-ml porc elain crucibles 
with concentrat ed sulfuric ac id added to c arboni z e  org ani c m att er 
after water was evaporated and to ensure formati on of nonvolatile 
sulfates of iron and manganese . Plasma and red cell samples were 
ashed in aliquots of 10. 0 ml with 1 . 0 ml of concentrated sulfuric acid 
added . Feed samples were ashed in 0 . 500 gram quantities with J . O ml 
of concentrat ed  s.ulfuric acid added , arrl blanks were prepared with 
42 
9 .0  ml of double-di stilled , deionized water and 1. 0 ml of conc entrated 
sulfuric acid . One milliliter o f  20-volume hyd rogen peroxide was 
added to e ach sample and blank to aid in oxidation and prevent 
mechanical loss of sample material. When most of the wat er has 
evaporated and internal sample temperature i ncreases , peroxide 
decomposition c ause s  foaming . This allows c arboniz ation of organic 
matter without spattering . 
�itial sample evaporation was acc omplished by placing the 
c rucibles in a drying oven at 130 degrees C for 3 hours , leaving 2 to 
3-ml re sidue s of visc ous liquid . No spattering occurred during this 
stage . The se  residue s were heated for approximately 3 hours on a hot 
plate to remove all water and ac id . 
Preliminary trials indic ated that the greatest pos sibility of 
mechanical loss or c ontaminati on caused by spattering oc curred during 
the first hour on the hot plate , due to unequal temperature s within 
the samples as hot plate temperature was inc re ased.  Therefore , 
250-watt he at lamps were installed above the hot plate with their 
beams directed at the surf ac e o f  the samples from a distance of 
approximately 10 ?m • These lamps were operated through out this stage 
of evaporation to equaliz e surfac e and internal sample temperatures .  
T o  further minimize the possibility of cros s-c ont amination of sample s ,  
red celi s ample s were separ ated from plasma s amples by approximately 
30 cm on the hot plate surface . Feed samples were separ at ed a like 
dist anc a from red cell and plasma sample s .  Hot plate temperatures 
were increased carefully over the first 2 hours from 40 degre e s  C to 
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approximately 300 degrees C and then incre ased to a maximum of approxi­
mately 35 0  degrees C for the third hour , or until a dry black residue 
remained i n  the cruc ibles . 
Cruc ibles were removed from the hot plat e and placed in a 
stainless steel pan with sides 1 . 5  cm lower than crucible hei ght . The 
pa.'1 was placed in a Thermolyne Temc o Muffle furnac e ,  Model Fl4 , which 
had been thoroughly cle aned , and heated for a minimum of 3 hours at 
600 degrees c :  O n  removal from the furnac e ,  c rucibles were immediately 
removed from the pan , c overed and allowed to c ool at room temperature . 
Residue in the crucibles was a white to gray-white ash , fre e  of organic 
matte r .  
After crucibles had c ooled , 1 . 0  ml o f  double-distilled , deionized 
water was added to sample residues and blanks , followed by adding 1 . 0 
ml of c onc entrated hydrochloric acid to release iron and manganese 
from sulfate c ompounds . These soluti ons were mixed by swirling within 
the crucibles and dec anted int o  15-ml graduated glass tubes . Crucibles 
were rinsed with two 3 . 0  ml aliquot s of double-di stilled , deionized 
water an:l rinsiilgs were added to s amples .  Sample s and blank s were 
rest ored t o  10 . 0  pil volumes with double-distilled , deionized water to 
provide c orrect dilutions for plasma iron and manganese , red c ell 
mang anese and feed sample iron determinat i on. Red cell iron and feed 
sample manganese c oncentrat ions required further diluti on for deter­
mination with th e working standard solutions employed . Therefore , 
these samples were thoroughly mixed and 0 . 5  ml aliquot s . were added to 
14Thermo F.ilectric Manufacturing Co. , Dubuque , Iowa . 
t 
9 . 5 ml aliquots of double-distilled, deioniz ed water t o  provide 
c orrect dilutions . Acidified blanks were left at 10 . 0  ml volumes .  
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Iro n  and manganese c oncentrations were determined in the 
acidified solutions and acidified sample s of water provided for 
experimental animals . A Perkin-Elmer Atomic Absorpti on Spectro­
photomete r ,  Model 30315, was employed , using working standard s olutions 
prepar ed from 100 ppm stock s olutions of iron and manganese . Iron 
standards included 1 . 0, 5 . 0, 10. 0, 15 . 0 ,  
_
20. 0 and 25 . 0  ug iron/ml 
( ppm ).  Mangane se standards included O. l ,  0. 2 and 0 . 5  ug mangane se/ml 
( ppm ) .  Standard c on:iiti ons were employed as given in the Perkin­
Elmer handbook for thes e eleme nt s . 
Atomic absorption spec troscopy is based on abs orb a.�ce of light 
energy at wave lengths charac teristic of each element . As the element 
pas_ses through a beam of light of it s charac teristic wave length, it 
will reduce transmittance to a d egree dependent on c oncentration. 
Aspiration of solutions into fl ame provides a means of vaporized 
element transport through a beam of light transmitted t o  the detecting 
mechanism. A c athode is aimed to transmit a spec ific wave length 
through the flam� to the detec tor and the instrument i s  ad justed to 
100% transmittanc e  with a neutral solutio n  entering the flame . 
Subsequent aspiration of elements into th e name will c ause light energy 
absorbanc e whi ch may be read directly on the ab sorbance sc ale or as the 
logarithm of ab sorbance on the automatic readout scale . The instrument 
require s specific c athode s and settings for each element. 
15Perkin-Elmer Corp . , Norwalk, Connecticut. 
St a-'Yld ard Sett ings for � Determinati on . 
Slit width set at three 
Sc ale s et at one 
Cathode current set at 20 milli ampere s 
Abs orbance wave length set at 2483 Angstroms (uv )  
Ab sorbanc e rec ording ne edle a nd  s c ale set at z ero 
Optimum working range : 2 to 20 ug/ml ( ppm ) 
Standard Settings for Mangane se Dete rmination . 
Slit l-.r:i.dth set at four 
Scale eA-panded to 10 
Cathode current set at 15 milli amp ere s 
45 
Absorbance wave length set at 2795 to 2801 Ang stroms ( uv )  
Ab s orbance rec ording needle and s c ale set at z ero 
Optimum working range : 2 to 20 ug/ml ( ppn ) 
Plasma and red c ell mang anese conc entr ations ch aract eristic ally 
are below the optimum working rang e for thi s  instrument . Therefore , 
the sc ale was expanded to allow differentiati on of m_ang anese c onc en­
trations . 
The spectrophotometer was allowed to warm and st abiliz e  for a 
minimum of 20 minute s while aspirating disti lled water into the burner . 
Standard settings for mang ane se wer e made dur ing this period. 
Absorbanc e value s for mang ane se working standards were determined ,  
followed immediat ely by determination of s ample and blank abs orbance 
value s .  Ab s orbance was determined by manual return o f  the null needle 
t o  zero en the abs orbance di al with value s read di rectly fr om th e 
absorbance scale . Abs orbance of di stilled water was determined and 
returned to z er o ,  when necessary, immediately before each manganese 
determination. 
46 
The instrument was switched off briefly to allow c hanging 
cathode tubes , then switched on and allowed to stabiliz e  while standard 
settings for iron determination were made . Absorbanc e values for iron 
standards were determined a�er st abilization followed immediat ely by 
determinati on of sa:mple and blank absorbance with values t aken from 
the automatic read out scale as logarithms of absorbance . 
Double-distilled , dei onized water was aspirated into the burner 
for a minimum of 15 seconds after each sample and standard to rinse 
the aspirating mechanism a_nd prevent contamination of oth er solutions . 
All s amples and standards were thoroughly mixed immediately prior to 
abs orbance determinati on . 
Calculation of � �  �anganese Conc e ntrations . Standard 
abs orbanc e curves were nonline ar. Therefore , c alculati ons were made 
to derive abs orbanc e values for each 0. 1 ppm manganese and each 1. 0 ppm 
iron at all standard c oncentrations for e ac h  set o f  s ample determina-
tions . Value s obtained were de signated as 1 1 K1 1  values and wer e  derived 
by the following formula : 
K = t otal absorbanc e of the stand ard solution 
ppm. conc entration in the standard solution 
"Where s ample absorbance values varied from standard absorbance values ,  
K values used t o  calculate iron and mangane se c onc entrations were 
derived by i nterpolation between standard K velue s .  
Calculations of iron concentrations in original feed , plasma 
and red blood cell samples were made w.ith the following formulas : 
A B = K;  c = BD 
Where A = total sample absorbance , B = ppm iron in the sample , C = 
ppm iron in the original substance ,  D = dilution of the original 
substance and K = standard absorbance/1. 0 ppm iron. 
Calcul�tions of manganese concentrati ons in original feed, 
plasma and red blood cell samples were made with the following 
formulas : 
A AD B = lOK ; C = BD; C = I5K 
Where A = total sample absorbance , B = ppm manganese in the sample , 
C = ppm mangane se in the original substance , D = dilution of the 
ori.ginal substance , K = standard absorbance/ 0 . 1  ppm manganese and 
10 = the sc ale expansion factor . 
Nine-ml samples of water provided for the experimental animals 
were acidified with 1 . 0 ml of concentrated hydrochloric acid for 
determination of iron and. manganese content .  Values were calc ulated 
with the followi�g formula : 
total absorbance x dilution factor due to  acid added ppm = sc ale expansion factor x K 
Where K . = standard absorbance of iron or manganese/ppm . 
Data were analyzed by le ast squares analysis of variance for 
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unequal sample numbers and F values were used to  test - for signific ance 
( Steel and Torrie ,  1960 ) .  
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RESULTS Alm DISCUSSION 
Close observations of gilts following manganese injections 
indicated an apparent breed difference in toxic response . Duree gilts 
invariably refused feed for a minimum of 48 hours post-injection, 
while no Hampshire gilt refused feed for more than 8 hours . Duroc 
gilts consistently exhibited greater physical distress and reduction 
of normal act�vity during this period . Other symptoms in Du.roe gilts 
included lowered water intake post-injection and a stilted , apparently 
painful gait that persisted for 3 to 5 days . Limited activity and feed 
intake were observed in Hampshire gilts for 4 to 8 hours post-injection,  
but symptoms invariably were much less severe than in Duroc gilts .  
Toxic responses appeared to  increase with successive doses only 
in Duroc gilts , but both breeds exhibited increased toxicity symptoms 
as the interval between final dose and parturition decreased .  Most 
severe symptoms occurred when injections were given during the 48-hour 
period before parturition . Appetite depressi on ,  weight loss and 
decreased milk production were much more severe in gilts receiving 
more than a total of 1 . 0  mg Mn+2/kg body weight . No appa.i•ent symptoms 
occurred in saline-injected c ontrol gilts . 
Gilt treatment , farrowing and litter data,  pig survival and 
35-day pig weights are presented in table 2 . Increased manganese dose 
levels were associated with decreased pig survival with the exception 
of treatment 5 in which percent pig survival was lower at birth than 
treatments 1,  3 and 4 and lower at 35 days than treatment 4 .  Except 
· ror this single litter in treatment 5 ,  35-d ay pig survival consistently 
TABLE 2 .  GILT TREATMENI'S , LITrER SIZE , PERCENT LIVE BIRI'HS, 
PERCENT 35-DAY SURVIVAL AND 35-DAY PIG WEIGHI'S 
Pre-part um 
Number dose to 
of doses farrowing Treatment 
Treat- Gilt Mg Mn+2/ ad.min- interval PigsLlitter % live 
ment number ·Breed a kg/dose istered (days ) Alive Dead Total births 
Grou.E. .! 
1 0-0 D 1 . 0 3 2 8 2 10 80 . 00 
2 5-9 D . 1 . 0 2 1 2 7 9 
24-7 D 1 . 0 2 2 7 4 11 55 . 00 
3 19-1 D 1 . 0 l 7 8 2 10 
106-11 H 1 . 0 1 11 8 2 10 80 . 00 
GrouE .!!. 
4 5-5 D 0 . 5 2 3 5 2 7 
6-1 D 0 . 5 2 5 5 0 5 
69-10 H 0 . 5 2 1 7 1 8 
96-3 H 0 .5  2 8 8 0 8 89 . 29 
5 99-6 H 0 . 5 1 11 9 2 11 77 . 77 
Overall Treatment Mean 75 . 28 
Group fil (c ontrol ) 
6 2-3 D -- -- -- 9 0 9 
9-8 D -- -- -- 4 1 5 
90-7 H -- -- -- 3 0 3 
97-13 H -- -- -- 5 0 5 95 . 46 
a D = Duroc , H = Hampshire . 
$ 
Treat- Gilt 
ment number Breed 
1 0-0 D 
2 5-9 D 
24-7 D 
3 19-1 D 
106-11 H 
4 5-5 D 
6-1 . D 
69-10 H 
96-3 H 
5 99-6 H 
































Overall Treatment Mean 









35 . 00 
--
5 5 . 00 
--
--- -
75 . 00 
63 . 63 




Mean 3 5-day Mean 35-day 
treatment pig 
pig weight weight/litter 
(kg ) - (kg ) 
6 . 76 6 . 76 
- - 6 . 31 
7. 62 9 . 93  
-- B . 26 
-- 8. 07 
-- 5 . 62 
6 . 55 5 . 13 
8.12 8.12 
7. 08 7. 26 
- - 8. 94 
-- 10. 21 -- 8. 75 
8. 61 6. 3 5  
Overall Control Mean 8 . 56 
\.)'\ 0 
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decreased with increasing total manganese dose levels . Pig weights 
at 35 days did not decrease uniformly with increasing dose levels . 
Varied litter size , individual milk production and manganese suscepti­
bility in gi�ts , time intervals between manganese injections and 
parturition and limited sample numbers are some apparent factors 
involved . Hampshire litters appeared to exhibit greater toxic response 
to  manganese injections in dams than crossbreed ( Spotted x Duree ) 
litters .  Data indic ate a marked depression of live births ,  35-day 
survival and 35-day pig weights in overall manganese tre atment means 
when compared to control means . 
Least squares analysis of variance fer gilt d ata ( appendix 
table 1 )  indicated highly significant (P <. 01) differences in treat­
ment REC , PCV and · Hb ; breed RBC , MCV and plasma iron ; treatment x 
breed plasma iron ; weekly WBC ; weekly plasma iron and gilts within 
treatment x bre ed REC iron. Significant ( P <. . 05 )  differenc es were 
present in treatment VJBC , MCV, MCHC , RBC iron and RBC manganese ; 
breed Hb ; treatment x breed WBC and MCHC ; treatment x week Hb ;  breed 
x week WBC ,  P CV and Hb ;  treatment x breed x week MCHC and plasma iron 
and in gilts with�n treatment x breed RBC , � and PCV. 
Control , manganese treatment and overall manganese treatment 
means for gilt blood parameters are presented in appendix table 2 .  
Breed c ontrol and overall breed treatment means for parameters found 
significantly different are presented in appendix table 3. Random 
variation in dat a  indicated some erratic treatment responses , although 
overall manganese treatment means ( treatments 1 to 5 )  suggest possible 
trends.  Overall treatment me an R EC  and � values were higher , but 
PCV, Hb , MCV, MCH and MCHC means were lower than in control gilt s 
(treatment 6 )  while RBC iron , plasma iron and plasma manganese values 
showed no consistent pattern.  RBC manganese  me ans were higher in 
overall treatment than in c ontrol gilts after week 2 . 
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Overall gilt treatment me an RBC values were higher than control 
gilt values except . during weeks 2 , 3 and 7 and exhibited les s  weekly 
variation throughout the experimental period . Duroc gilt overall 
treatment RBC c ounts were lower than Duroc c ontrol c ounts during weeks 
2 and 3 but were higher therea�er. Hampshire gilt overall treatment 
ROC values were higher than Hampshire control values only during 
week 8. 
Control and overall gilt treatment WBC means increased rapidly 
through week 4 when control values began decre asing and conti·nued to 
decline through week 8 .  Overall treatment means continued to increase 
through week 5 and then declined through week 8 but remained higher 
than controls a.ft er week 4. Control gilt PCV values were higher than 
overall treatment PCV values except during week 1 ,  while control gilt 
Hb means were con.sistently greater than overall treatment Hb means 
throughout the experimental period. 
Control MCV values were higher than overall gilt treatment MCV 
values except during weeks 2 and J but demonstrated much greater random 
variation than occurred in treated gilts . Duroc control gilt �V 
means were greater than treated Duroc gilt MCV means after we ek J ,  
while Hampshire MCV me ans were higher in c ontrol gilts than in treated 
53 
gilts after week 5 .  MCH values were greater in control gilt s than in 
overall treatment gilts exc ept during week 3 with greater weekly 
variation in control means . Duroc c ontrol MCH value s were higher than 
in treated D�i.roc gilts except during  week 3 , but little difference was 
evident in Hampshire c ontrol and treatment means . Control MCHC values 
were higher during weeks 1 t o  3 and then decreas ed and remained below 
overall gilt treatment MCHC values from weeks 4 t o  8 .  
Gilt REC iron, plasma iron and plasma m anganese values were 
erratic , although treated Dur oc gilts had h igher plasma iron levels 
than Duroc control gilts during weeks 2 through 5 .  Hampshire gilts 
exhibited less variation between control and treatment plasma iron 
means than was observed in Dur oc gilt s .  Overall gilt treatment RBC 
manganese levels were slightly lower than control levels during weeks 
1 and. 2 and then increas ed and remained hi gher than c ontrols after 
week 2 .  
Least square s analysis of vari ance for pig data ( appendix table 
4 )  indicated no signifi c ant difference in bre ed MCV and pl asma 
manganese , treatment x breed MCV and MCH and breed x age MCHC . Breed 
x age PCV and Rb , . tre atm ent x breed x age plasma iron and age x gj. lts 
within treatment x breed MCHC. were significantly ( P < . 05 )  di fferent . 
All other values due to treatment , breed , ag e  and all inter actions 
were highly signific ant (P <. Ol ) . 
Critic al daily observations over the 5-week period indic ated 
that· Hampshire pigs from treated g�lts demonstrat ed _  greater t oxic 
response s than c r ossbre ed pig s �  Hampshire pigs showed depressed 
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activity, rough hair coats  and a le ss alert appe arance than crossbreed 
pigs .  Composite treatme nt and treatment by breed me ans were therefore 
compared t o  c �"nposite and breed control means . These compari sons 
in:iicate that manganese treatment in gilts caused distinct alterations 
in parameters measured in pigs and that breed difference s  occurred 
within controls and treatments . 
Treatment means for pig data from birth through 35 days of age 
are presented in appendix tables 5 ,  6 and 7 .  Blood samples from 
treatment 1 pigs were obtained only on day 1 since none survived more 
than 24 hours .  
Treatment REC means (figure 1)  were highly variable on day 1,  
treatment s  1 and 3 being higher and treatments 2 ,  4 and 5 lower than 
controls . On day 7 , only tre atment 5 was lower than controls ; 
the!e a�er , all treatments remained hi gher than controls through day 
35 . Overall treatment m eans decreased le ss  from birth to  day 7 than 
c ontrols and were consistently higher than controls from birth through 
day 35 . Overall means indicate that total pig RBC counts were increased 
by manganese treatment in. gilts a:nd/ or by a pos sible decrease in body 
water , thus causing a relat ive incre�se in RBC concentration . Control 
RBC values found in this study agree with those  of Altman and Dittman 
(1964) and Talbot and Swenson (1970 )  but are higher than those reported 
by Swanson (19 64 )  for norm.al baby pi gs . 
WBC means ( figure 2 )  indic ate a remarkably uniform increase in 
overall treatment above control means although in:lividual tre atments 
were variable . Stress exerted by injections in gilts and subsequent 
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Figure 2 .  Control , treatment and overall treatment white blood cell me ans in pigs from birth 




placental manganese transfer could explain higher vJBC c ount s  at birth ,  
but reasons for continued higher levels during the 35-day period are 
not apparent . Studies of manganese excretion in mammals ( Bertinchamps 
� �. , 1966 ; Britton ani Cotzias , 1966; Butnett et al. , 1952 ;  Cotzias 
. il ih· , 1966 ) indicate rapid clearance of excessive plasma manganese 
by excretion ,  acc ompanied by increased tissue manganese storage . No 
indication of increased storage in lymphatic or granular myeloid · 
tissue has been shown, but liver , muscle and other tis sue could provide 
the source for conti nued higher plasma manganese levels found in this 
study (Cotzias � �. , 1968 ) .  It would appear, therefore , that 
increased manganese storage and/or increased response by lymphatic and 
reticuloendothelial tissues are possible factors involved , but the 
review of literature revealed no evidenc e of manganese-induc ed 
leucocytosis . Reasons for increased WBC means in control pigs from 
days 14 to 35 are obscure since no sympt oms of disease w�re observed. 
Overall treatment PCV and Hb means ( figures 3 and 4) followed 
similar patterns , although Hb increase from day 7 was not as abrupt as 
PCV increase . The sharp ri se in PCV from days 7 to 14 appears to be 
due to increased MCV ( figure 5 ) and increased REC synthesis .  Depressed 
Hb and PCV on day 7 are characteristic of required rapid expansion in 
plasma volume , concurrent with the lag in R:B:! production, to meet 
increased body siz e in baby pigs .  No similar dat a  for manganese­
treated swine appe ars in literature , but RBC, PCV and Hb control means 
follow patterns found by others ( Swanson , 1964; Talbot and Swenson, 
1971 ) in hemograms of normal baby pigs � 
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1 7 14 21 28 35 
Days 
Control , treatment and overall treatment mean corpuscular volume means in pigs 
from birth to 35 days of age .  
°' 0 
Dat a from t able 2 suggest c autious interpretati on of these 
hemogram alterations and trend s .  Inc re ased stillbirths and decreased 
survival and 35-day weights in treatment pigs demonstrate that a 
normal or enhanced hemo grarn is not presumptive evidence of inc reased 
performance .  WBC values also sugge st that thes e  pigs may be 
functioning under abnormal stre ss . 
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Control MCV ( figure 5 )  incre ased from day 1 to day 7 and 
decreased uniformly there after , indi cating the microcytic c ondition 
expected with rapidly increased REC synthesis a..�d release . Treatment 
MCV means were widely variable , but overall treatment means c onsistently 
decreased from birth except for a slight increase on day 14. Overall 
me ans were slightly highe r than c ontrols at birth and at day 35 . 
A similar pattern with slight variation i s  delineated in figm-e 
6 for MCH means . Close agreement between MCV and MCH value s is 
expected under normal c onditions . No s atisfactory explanation is 
evident for incre ased c ontrol MCV and MCH values on day 7 in view of 
decreased MCHC and Hb values .  Limited iron stores available at birth 
for Hb synthe sis may partially explain incre ased MCH value s but 
de cre ased MCHC is. perplexing .  E>ctensive research h as e stabli shed that 
baby pigs characteristically have extremely limited body iron storage . 
Breed differenc e s  in these values ( figur e s  16 , 17 and 18 ) indi c ate 
that Hampshire pi gs contributed mo st to thi s vari ation. Little 
variati on occurred in l£HC values ( figure 7 )  b etwe en overall treatment 
and co ntrol me ans except on days 21 rurl 28 whe n control means were 
lower . Means fo r crossbre ed pigs ( aver age = 37 . 97%) were consistently 
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Figure 7 .  Control , treatment and overall trea�ment mean corpuscular hemoglobin concentration 
means in pigs from birth to 35 days of age . 
°' w 
higher than Hampshire means ( average = 34 . 97% ) throughout the 35-day 
period . Overall treatment MCHC was consistently higher than c ontrol 
means from birth through day 28 with a slight decrease below c ontrols 
on day 35 . 
64 
Overall R� iron means { fi gure 8 )  irrlicate incre ased incorpora­
tion of iron into pig RBC beginning on day 7 and continuing throughout 
the 35-day period when dams were treated with manganese . Plasma iron 
( figure .9 ) was higher in overall treatment than c ontrol means until 
after day 28. A parallel increase occurred between days 21 a:rrl 28 
followed by a more rapid decline in overall treatment than c ontrol 
means to day 35 . 
Control REC and plasma iron levels agree with those reported 
in rats , ra�bits arrl pigs with similar Hb levels ( Baker and Morgan, 
1969 ; Kinnamon, 1966 ; Tarvydas , Jordan and Morgan ,  1968 ; Underwood , 
1971 ) .  Incorporation of manganese into RBC ( figure 10 ) was markedly 
higher in pigs from dams receiving manganese treatment. Treatments 4 
and 5 decreased below controls on day 35 , but all other treatment 
means were higher than controls .  This agree s  with reports ( Borg and 
Cotzias , 1958 ; Di�z-Ewald et al. , 1968 ; Weed and Rothstein , 1960 ) of 
manganese uptake by rat and htuna.n red blood cells . 
Overall treatment plasma manganese ( fi gure ll )  was c onsistently 
higher than control means through day 28 with a slight decrease below 
controls on day 35 , although individual means were variable . 
Literature reports of ROC and plasma manganese concentrations 
vary widely and precise concentrations have not been determined . 
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Control , treatment and overall trea"t.tilent plasma manganese means in pigs from 
birth to 35 days of age . 
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Gamble tl ,&. (1971 ) reported 0 . 2  to 0 . 6 ug manganese and 0 . 3  to 0 . 7  
ug manganese/g blood in normal gravid gilts and fetuse s ,  respectively. 
Similar values were reported by Newlan:l and Davis (1961 ) in swine . 
Bentley .tl al. ( 1947 ) found 5 . 0  to 8 . 0  ug mangane se/100 ml blood in 
c attle . Control levels found in this study , 3 . 6 to 4 . 3 ug plasma 
manganese and 5 .  8 to 7 . 3 ug RBC manganese/100 ml piglet blood , agree 
with levels reported by Liebholz et al . ( 19 62 ) of 4. 0  to  5 . 0  ug 
mangro1e s e/lOO ml blood in normal baby pigs and with values reported by 
others ( Bowen, 1956 ;  Fernandez et .!±.· , 1962 ; Butt et al . ,  1964 ; Mahoney 
et al . , 1969 ) in human blood . Plasma manganese levels found in this 
study are higher than human. plasma levels reported by Cotzias et al .  
( 1966 ) .  
RBC means ( figure 12 ) indic�te that 1!! utero erythropoiesis 
was depressed in crossbreed pigs but was increased in Hampshire pigs by 
manganese treatment in dams . After birth, RBC values increased much 
more rapidly in crossbreed pigs arrl were maintained at levels relatively 
higher than controls than in Hampshire pigs . PCV ( figure 14 ) and Hb 
values (figure 15 ) also indicate greater erythropoietic response to 
manganese in cros9breed pigs . 
Crossbreed pigs from treated gilts exhibited a marked increase 
.over controls in �!BC counts (figure 13 ) at birth and throughout the 
35-day period while Hampshire WOC counts were below control levels 
except on days 7 and 14. Visual observation indicated that Hampshire 
pigs fran treated gilts began to exhibit toxic symptoms during week 2 ,  
concurrent with declining WBC counts . Decreased physiologic response 
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Figure 14. Crossbreed and Hampshire packed ceJla��lume means in pigs from birth to 35 days of ag e .  
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Figure 15 . Crossbreed and Hampshire hemogl��l� means in pigs from birth to 35 days of age . 
� 
to environmental .stress and/ or pathologic microorganisms could be 
factors affecting onset of toxic symptans , but WBC counts observed 
would not normally be considered leukopenic. 
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MCV ( figure 16 ) and MCH ( figure 17 ) values further indi cate 
differences in breed response , particularly during the first two weeks 
a�er birth and on day 35 , although both parameters decreased in all 
treatment and c ontrol pigs from birth to day 35 . However , MCHC 
( figure 18 ) was consistently higher from birth in all crossbreed pigs 
than in Hampshire pigs , with treatment response similar in both breeds. 
RBC iron ( fi gure 19 ) markedly increased in crossbreed pigs from 
treated gilts in contrast to a general decrease in Hampshire pigs . 
This increase in RBC iron does not appear c onsistent with the degree of 
increase in crossbreed Hb levels . RBC iron increased approximately 17% 
from days l t o  35 while Hb increase was 3 . 4%. Nonheme iron is normally 
present in red blood cells but at much lower levels than iron inc reases 
observed in these  s amples. No explanation is apparent for these 
alterations or for the overall decrease in MCHC from days 1 to 35 . 
Possible explanations are increased incorporation of nonheme iron into 
c ells and/ or bind�ng of iron to cellular membranes . 
Plasma iron (figure 20 ) was greatly inc reased at birth in 
crossbreed pigs from manga�ese-treated gilts and uniformly dec reased 
from birth to day 35 when levels were nearly identic al to c ontrols. 
This decrease is c onsistent . with the observed increase in RBC iron. 
Crossbreed c ontr ols showed a sharp increas e  in plasma iron on day 28 
c oncurrent with the increase in RBC iron. A similar plasma iron 
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Figure 17 . Crossbreed and Hampshire mean co���;cular hemoglobin means in pigs from birth to 
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Figure 19 . Crossbreed and Hampshire red blood cell iron means in pigs from birth to 35 days of age . 
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inc rease occurred in Hampshire treatment pigs on day 28 with a slight 
decrease in RBC iron. Plasma iron levels were similar at birth in 
control and treatment Hampshire pigs , with little variation until 
80 
day 14 when tre�tment levels increased above controls , remained higher 
at day 28 and declined below controls on d�y 35 . 
REC manganese concentrations ( figure 21 )  were much higher in 
c rossbreed pigs from manganese-treated gilts than all other pigs . · The 
steady decline observed is consistent with lysi s and replacement of 
aging red cells and subsequent excretion of manganese released . 
Cr ossbreed control levels were only slightly variable after day 7 .  
Hampshire treatment l evels were higher than c ontrols at birth and from 
d ay 14 to 35 but were lower on day 7 .  
Treatment plasma manganese levels (figure 22 ) were gre ater in 
c rossbreed pigs than all other pigs at birth and day 7 and then 
decreased below crossbreed c ontrol levels at day 21 . Little variation 
in crossbreed levels occurred after day 21. Hampshire treatment levels 
were consistently elevated above controls from birth to day 28 but were 
lower on day 35 . 
Visual observation and data evaluati on indic ated that a definite 
physiologic al breed difference was pr�sent in animals utilized in the se 
investigations , but further research is necessary to elucidate manganese 
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SUMMARY 
Excessive dietary manganese in young mammals has depressed 
hemoglobin levels , red blood cell synthesis and growth in s ome investi­
gations , while in other re search the se we�e incre ased . Toxi c levels , 
mode of action and specific physiological effects are unknown although 
manganese , cobalt and iron appear to compete for absorption mechanisms .  
Manganese functi ons in enzyme systems and in carbohydrate and lipid 
metaboli sm , is  present in red c ells and plasma and may be incorporated 
int o  the hemoglobin molecule . Gravid gilts were utilized in these 
investigat i ons , since piglet anemia is an economic problem and 
manganese effects in swine have not been fully defined . 
Gilt rations were formul ated to meet sw:ine requirements  as 
suggested by the N. R. C .  Ration samples were ashed in a muffle furnace 
and analyzed for iron and manganese concentrations by atomic abs orption 
spectrophotometry. Gestation rations c ontained 310 . 9  ± 22 . 2 ppm iron 
and 115 . 3  ± 7 . 1  ppm manganese . Lactation ration s  c ontained 251 . 2 ± 
25 . 8  ppm iron and 94. J ± 5 . 4 ppm manganese . Water s ample s analyz ed 
similarly contained 0 . 16 ± 0 . 00 ppm iron and 0 . 12 ± 0 . 00 ppm manganese . 
Ten apparently healthy purebred Du.roe and Hampshire gilts were 
housed individually and injected intraperitoneally with varied levels 
of manganese chloride during the last month of gestation t o  evaluate 
effects on plasma and red cell iron and mang ane s e  concentrations , 
hemogram responses and t oxicity in gilts and newborn pi gs . Treatments  
were 1 ,  2 or  3 weekly pre-partum doses of  1 . 0  mg l.tfn.+2/kg or  1 or  2 
wee�ly pre-partum doses of 0 . 5  mg Mn+2/kg gilt body weight , 
respectively. One Duroc gilt ·received three doses of 1 . 0  mg Mn+2/kg , 
two Duroc gilts received two dose s of 1 . 0 mg Mn+2/kg ,  one Duroc and 
one Hampshire gilt rec eived one dose of 1 .  0 mg Hn+2 /kg ,  two. Duroc and 
two Hampshire gilts rec eived two doses of 0 . 5  mg Mn+2/kg and one 
Hampshire gilt rec eived one dose of 0 . 5  mg Mn-+·2/kg b ody weight . 
Controls allotted were two Duroc and two Hamp shire gil ts .  One Duree 
gilt rec eived one pre-partum dose arn one Duroc gilt received three 
pre-partum doses of 0 . 85% sodium chloride at 0 . 25 mg/kg b ody weight . 
Hampshire gilt s were not inject ed . 
84 
Pre-partum gilt blood s ample s  we re drawn prior t o  injections 
and weekly thereafter for a miniinum of 5 weeks post-partum . Hampshire 
c ontrol gilt blood s ample s were dra�m within 12 hours post-partum and 
weekly thereafter for 5 weeks . Pig blood s amples wer e  drawn within 
12 hours of birth arrl weekly to 35 days of age . 
Red blood cell (REC ) , white blood c ell (WBC ) ,  p acked c ell volume 
( PCV ) and hemoglobin ( Hb )  were d etermined for e ach sample by standar d  
c linic al procedures .  Me a� c orpuscular volume (MCV ) , me an c orpuscular 
hemoglobin (MCH ) and me an· c orpuscular hemoglobin c oncentr ati ons (MCHC ) 
were c alcul ated for e ach sample . 
Red c ells and plasma were separated in each gilt blood sample 
and in pooled pig blood sample s  by centrifugation and were ashed in a 
muffle furnace .  Iron and manganese c onc entrations were det ermined for 
e ach fracti on by atomic absorpti on . spec trophotometry . 
Data were analyzed by le ast squares analysis of variance .  
Statistic al analysi s  of gilt data indic ated highly signi ficant ( P  < .. 01 ) 
differences in treatm ent RB C ,  PCV and Hb ;  breed RBC , MCV and plasma 
iron ; treatm ent x bre ed plasma iron ; weekly WBC ; weekly plasma iron 
and gilt s within tre atment x breed I:ffiC iron . Signific ant ( P < . 05 )  
differences were pre sent in treatment WBC , MCV , MCHC , . RBC iron and 
RBC manganese ; breed Rb ;  treatment x breed WBC and MCHC ; tre atment x 
week Hb ;  breed x week WBC , PCV and Hb ;  treatm ent x breed x week :MCHC 
and pl asma iron and in gilts within tre atment x breed RB C ,  w'BC and 
PCV. 
Statisti c al analysis of pig data indi cated no signific ant 
difference in breed MCV and plasma mangane se , treatment x breed MCV 
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and MCH and breed x age MCHC.  Breed x age PCV and Hb, treatment x 
breed x age plasma iron and age x gilts within treatraent x breed MCHC 
were signific antly ( P < . 05 )  different . All other values due t o  treat­
mel'l;t , breed , age and all interactions were highly signific ant ( P < . 01 ) .  
Critical daily observations of gilts and pigs indic at ed that 
real treatment and breed differences were present since Duroc gilts 
exhibited much gre at er toxic re spons e to mangane se injections than 
Hampshire gilt s . Composi.te treatment pig dat a  were therefore compar·ed 
t o  control pig data . Composite treatment mean RBC and WBC values were 
higher , but P CV,  Hb ,  HCV and MCHC were lower than contr ol me ans . 
Composite tre atment RBC iron, plasma iron and plasma manganese  means 
were similar t o  controls , but RBC manganese was higher than control 
means . 
Crossbreed ( Spotted x Duree ) pigs differed from Hampshire pigs 
in all parameters me asured when composite treatment and breed treatment 
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data were compared t o  composite c ontrols and breed c ontrols . In utero 
erythropoie sis was depre ssed by mangane se in cros sbreed pigs and 
increased in Hampshire pigs . Crossbreed pigs from treated gilt s 
exhibited higher WEC ,  RBC , PCV, Hb ,  MCH and MCHC values with generally 
great er response in all parameters than Hampshire pigs fran treated 
gilt s .  
Hampshire pigs from treated gilt$ , a s  c cmpared to cros sbreed 
pigs , demonstrated depressed activity and appeared les s  alert through­
out the experimental period and rough hair c oats appeared during week 
2 .  Percent live births , 35-day survival and 35-day pig weight s were 
lower in pigs from treated gilts than control gilts . 
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APPE NDIX 
TABLE 1.  LEAST SQUARES ANALYSIS O F  VARIA�E FOR GILT DATAa 
Sourc e d f  RBC W8C PCV Hb MCV 
Tre atment 5 1 .  78 �' *  0 . 210 * 43 . 62 * *  11 . 51 * *  139 . 26 *  
Breed 1 1 . 44 ** 0 . 149 3 . 5 0  2 . 89 165 . 50 ** 
T x B 2 o . oo 0 . 264* 1 . 56 o . oo o . oo 
Daysb 7 0 . 638 0 . 470 * *  .5 . 87 1 . 05 94. 91 
T x D · 30 0 . 333 0 . 092 7 . 00 1 . 91 *  32. 76 
B x  D 7 0 . 179 0 . 163 * 10 . 28 *  2 . 46*  61 . 23 
T x B x D  9 0 . 376 0 . 127 7 . 30 0 . 09 64. 16 
sc/T x B 5 0 . 937 * 0 . 307 * 16. 00 * 2 . 41 37. 47 
D x S/T x B 28 0 . 305 0 . 069 3 . 88 0 . 951 35 . 55 -
a Mean square value s .  
b Week o f  tre atm ent i n  gilt s . 
c Gilts wit hi n tre atm ent . 
* p < . 05 . 
* *  p < . 01 .  
MCH 
Jl. 34* 
8 . 88 
9 . 76 
12 . 77 
4. 86 
3 ,. 99 
5 . 75 
6 . 14 
8. 30 
'° \,() 
TABLE 1 CO NI'I NUED 
Sourc e df MCHC ROC iron 
Treatment 5 10 . 89 * 39 . 53 * 
Breed 1 5 . 52 3 . 69 
T x B 2 10 . 07 * o . oo 
Days 7 6 . 82 31 . 16 
T x D 30 6 . 58 lJ. 04 -
B x D 7 9 . 09 4 . 09 
T x B x  D 9 6 . 56 15 . 23 
S/T x B 5 0 . 167 5 2 . 62 ** 
D x S/T x B 28 2 . 55 10 . 75 
Plasma iron RBC Mn 
0 . 013 22 . 20* 
0 . 058 ** 0 . 23 
o . 045 ** 9 . 92 
0 . 055 ** 9 . 91 
0 . 013 8 . 21 
0 . 012 8 . 50  
0 . 024* 4. 87 
0 . 004 5 . 79 
0 . 007 .5 . 27 
Plasma Mn 
J. 27 
7 . 09 
0 . 968 
13 . 83 * 
4 . 83 
J . 40 
7 . 28 
4. 05 
3 . 52 
...... 0 0 





























TREATME NT/ WEEK , RE C ,  WBC 9  PCV, Hb , MCV ,  MCH , HCHC , RB:: IRON ,  PLASMA IRO N ,  R� MANGANESE 
AND PLAS�..A MANGANESEa 
Treatme nt 
1 2 3 4 5 









6 . 42 
6 . 00 5 . 69 
6 . 13 5 . 43 1 
6. 09 6 . 68 
6 . 84 7 . 15 
6. 69 7 . 30 
5 . 86 6 . 53 
6 . 92 6 . 06 
6 . 37 6 . 41 
1 . 48 
1 . 61 1 . 38 
1 . 98 1 . 70 
2 . 06 2 . 11 
2 . 07 2 . 5 3  
1 . 87 2 . 09 
1 . 71 l . 98 . 
1 . 83 1 . 75 









RBC ! io6/mm3 
5 . 59 
5 . 14 
5 . 27 5 . 60 
5 . 93 5 . 7 6 
5 . 69 6 . 10 
5 . 97 6 . 16 
6 . 23 6 . 3 3  
5 . 63 5 . 38 
5 . 79 5 . 76 
� ! 104/mm3 
1 . 25 
1 . 41 
1. 68 1 . 64 
2 . 12 1 . 86 
2 . 51 1 . 7 3  
2. 47 1 . 94 
1 . 55 1 . 77 
1 . 94 1 . 77 








5 . 95 
5 . 86 
5 . 81 
5 . 85 
5 . 61 
5 . 41 
5 . 89 
5 . 77 
1 . 84 
2 . 16 
2 . 03 
. 2 . 13 
1 . 91 
1 . 64 
1 . 82 
1 . 9 3  
6 









5 . 14 
6 . 27 
6 . 27 
5 . 87 
6 . 25 
5 . 77  
6 . 08 
5 . 47 
5 . 89 
1 . 30 
1. 40 
1 . 9 3 
2 . 04 
1 . 99 
1 . 5 8 
1 . 67 
1 . 5 6  
1 . 68 
101 
1 to 5 









6 . 01 
5 . 69 
5 . 67 
6 . 01 
6. 27 
6. 27 
6 . 04 
5 . 97 
5 .99 
1 . 37 
1 . 57 
1 . 85 
2 . 03 
2 . 15 
2 . 04 
1 . 73 
1 . 82 
1 . 82 
Tre atment 
week 1 
· 1 44. 00 
2 38 . 51 
3 35 . 91 
4 3 3 . 91 
5 38 . 91 
6 36. 91 
7 30 . 91 
8 39 . 91 
Mean 37 . 37 
1 14. 60 
2 16 . 00 
3 15 . 23 
4 13 . 73 
5 15 . 33 
6 14. 53 
7 12 . 23 
· 8  14. 93 
Me an 14. 57 
1 68 . 5 0  
2 64 . 61 
3 5 8 . 45 
4 55 . 55 
5 56 . 75 
6 55 . 05 
7 5 2  .. 65 
8 57 . 55 
Mean 58 . 64 
TABLE 2 CONI'INUED 
Treatment 
2 3 4 5 
Packed Cell Volume < i  REC ) 
39 . 76 
39 . 46 
41 . 46 
41 . 46 
40 . 96 
42 . 46 
41 . 46 
41 . 00 
-- - --
34. 00 
39 . 26 37 . 51 
3 6. 76  37 . 21 38 . 91 
34 . 7 6 35 . 96 38 . 91 
36 . 26 39 . 71 39 . 91 
35 . 76 41 . 21 37. 91 
38 . 26 40 . 46 3L� . 91 
39 . 26 37 . 71 38 . 91 
36. 84 38 . 19 3 8 . 14 
Hemoglobin (g/100 ml blood ) 
12 . 96 
14. 80 15 . 23 16 . 70 
15 . 87 14 . 40 14 . 77 15 . 33 
18 . 42 14 . 70 14 . 70 15 . 23 
16. 72 \ 15 . 45 15 . 70 15 . 83 
16 . 52 16 . 10 16 . 60 14. 43 
18 . 17 15 . 40 16 . 40 13 . 93 
16 . 92 15 . 55 14. 5 7 14 . 9 3 
16. 77 15 . 27 15 . 12 15 . 20 
� Corpuscular Volume (u3 ) 
60 . 84 
70 . 75 77 . 93 63 . 51 
73 . 67 70 . 36 66. 5 0  66 . 35 
62 . 12 70 . 51 62 . 65 66. 85 
57 . 97 64 . 11 65 . 10 68 . 15 
56 . 67 60 . 16 67 . 15 67 . 55 
65 . 12 61 . 71 64 . 22 "64 . 45 
68 0 42 69 .. 91 67 . 95 65 . 95 
64 . 96 . 66. 13 66 . 54 66. 12 
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b 1 t o  5 
( control ) (me an )  
39 . 88 39 . 00 
42 . 39 38 . 86 
39 . 96 37 . 46 
40 . 48 36. 53  
40 . 23 38 . 89 
40 . 73 38 . 53 
39 . 48 37 . 9 6 
40 . 23 39 . 17 
40 . 42 38 . 30 
17 . 43 lJ . 78 
18 . 33 15 . 59 
16 . 32 14 . 9'7 
16 . 04 15 . 17 
16 . 21 15 . 74 
15 . 86 15 . 84 
15 . 71 15 . 42 
15 . 54 15 . 29 
16 . 43 15 . 23 
77 . 36 64. 67 
69 . 27 70 . 94 
63 . 73 67 . 45 
70 . 71 64 . 40 
64. 81 63 . 04 
70 . 66 61 . 9 8 
64. 94 62 . 01 
74. 16 66 . 80 
69 . 46 65 . 16 
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TABLE 2 CONTINUED 
'I're atme nt 
Treatment 6 1 to 5 
week 1 2 3 4 5 ( control ) (mean) 
� Corpusc ular Hemoglobi n ( uug ) 
1 22 . 70 23 . 24 33 . 5 7 22 . 97 
2 26 . 99 26 . 54 29 . 97 28 . 29 29 . 86 28 . 35 
3 24. 79 29 . 54 27 . 45 26 . 42 26. 09 25 . 99 26 . 88 
4 22 . 49 27 . 59 29 . 85 25 . 64 26. 19 27 . 92 26. 75 
5 22 . 29 23 . 39 27 . 45 25 . 69 26. 99 26 . 12 25 . 56 
6 21 . 69 22 . 79 27 . 10 27 . 04 25 . 69 27 . 52 25 . 49 
7 20 . 79 27 . 84 24 . 90 26 . 07 25 . 69 25 . 87 25 . 18 
8 21 . 49 27 . 89 27 . 70 26 . 24 25 . 29 28 . 65 26 . 08 
Mean 22 . 90 26 . 51 27 . 41 26 . 29 26 . 32 28 . 19 25 . 91 
� CorEuscular Hemoglobin Conce ntration ill 
1 33 . 20 38 . 09 43 . 49 35 . 65 
2 41 . 51 37 . 25 38. 73 44. 51 43 . 10 40 . 14 
3 42 . J.1-) 40 . 22 39 . 31 39 . 80 39 . 43 40 . 77 40 . 04 
4 40 . 5 3 44 . 42 42 . 46 40 . 92 39 . 13 39 . 5 6 41 . 55 
5 39 . 43 40 . 37 - 42 . 71 44 . 5 0  39 . 63 40 . 29 40 . 55 
6 39 . 43 40 . 37 45 . 16 40 . 30 38 . 13 38 . 99 41 . 26 
7 39 . 63 42 . 82 40 . 36 40 . 5 7 39 . 93 39 . 89 40 . 61 
8 37 . 43 40 . 82 39 . 56 38 . 65 38 . 43 3 8 . 64 39 . 01 
Me an  39 . 20 40 . 90 41 . 59 40 . 20 39 . 88 40 . 59 39 . 85 
� Blood Cell � (mg/100 ml Blood ) 
1 36 . 32 36 . 35 35 . 08 36 . 34 
2 3 3 . 5 0  34. 24 37 . 62 34. 86 3 0 . 43 35 . 5 7 
3 27 . 60 33 . 35 37 . 41 34. 0 0  35 . 45 35 . 08 34. 17 
4 28 . 39 37 . 34 31 . 98 33 . 08 28. 90 36. 92 32 . 11 
5 38 . 49 3 8 . 66 33 . 93 38 . 5 6  33 . 61 39 . 01 36 . 53 
6 35 . 16 40 . 41 36. 46 36. 82 38 . 19 3 6. 36 37 . 19 
7 31 . 54 39 . 91 3 7 . 93 40 . 52 37 . 30 3 6 . 17 37 . 95 
8 33 . 75 39 . 55 37. 00 34 . 80 33 . 5 7 36. 45 35 . 78 






























TABLE 2 CONI'INUED 
Treatment 
6 
1 2 3 4 c:. ( control ) ..I 
Plasma Iron (mg/100 ml Blood ) 
0 . 21 0 . 39 
0 . 44  o . 45 0 . 36 0 . 21 
0 . 41 o . 45 0 . 47 0 . 36 0 . 18 
0 . 41 0 . 62 0 . 32 0 . 28 0 . 23 
0 . 24 0 . 41 0 . 38 0 . 32 0 . 22 
0 . 24 0 . 17 0 . 36  0 . 20 0 . 16 
0 . 20 0 . 14 0 . 15 0 . 16 0 . 28 
0 . 2.5 0 . 21 0 . 17 0 . 25 0 . 15 
0 . 30 0 . 35 O . Jl 0 . 29 0 . 20 
Red Blood Cell Manganese ( ug/100 ml Blood ) 
9 . 90 2 . 87 
7 . 09 7 . 60 7 . 85 J . 19 
7 . 33 8 . 38 8. 95 5 . 45 16 . 93 
7 . 63 11 . 48 10 . 20 7 . 87 10 . 03 
7 . 23 9 . 88 7 . 1.5 8 . 10 5 . 93 
4 . 83 7 . 07 - 7 . 65 10 . 42 8 . 93 
4. 63 8. 27 6. 45 5 . 30 10 . 23 
6 . 33 6 . 17 5 . 80 4 . 90 4. 23 
6 . 87 8 . 41 7 . 70 6 . 60 8 . 5 0 
Plasma Manganese (ug/100 ml Blo od )  
4 . 60 3 . 78 
11 . 33 4. 96 5 . 21 2. 93 
6 . 61 8 . 01 10 . 07 9 . 66 3 . 71 
6 . 71 7 . 01 5 . 95 5 . 69 5 . 01 
6 . 21 6. 06· 5 . 82 5 . 44  7 . 11 
3 . 01 4. 61 5 . 36 5 . 66 6 . 61 
6 . 71 2 . 96 4 . 82 3 . 26 . 5 . 01 
4 . 31 5 . 16 4. 42 5 . 94 3 . 11 
6. 19 5 . 54 . 6 . 07 5 . 58 4 . 78 
0 . 56 
0 . 33 
0 . 26 
0 . 20 
0 . 28 
0 . 27 
0 . 21 
0 . 19 
0 . 29 
6 . 99 
8 . 48 
4. 32 
4. 41 
5 . 04 
4. 46 
5 . 21 
5 . 21 
5 . 5 2 
10 . 99 
7 . 71 
6 . 21 
3 . 68 
3 . 88 
3 . 46 
4. 73 
4 . 23 
5 . 61 
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1 to .5 
(me an ) 
0 . 30 
0 . 36 
0 . 38 
0 . 35 
0 . 32 
0 . 24 
0 . 18 
0 . 21 
0 . 29 
6 . 39 
6 . 72 
8 . 77 
9 . 32 
7 . 65 
8 . 14 
6 . 66 
5 . 44 
7 . 39 
4 . 19 
5 . 93 
8 . 25 
6 . oo 
5 . 99 
5 . 18 
4. 40 
4. 75 
5 . 59 
a Arithmetic me ans . Least squares analysi s  of variance  i s  pre-
sented in appendix t able 1 .  





























NUMBER OF OBSERVATIONS/TREATMENr/WEEK , · RBC , Hb ,  
MCV, MCH AND PLASMA I RD  N3-
Control Overall treatme nt 
Duree Hampshire Dur ee H amp shire 
Number. of Observati on sLTr e atmentLWeek 
1 1 1 
1 5 4 
2 6 4 
2 2 6 4 
2 2 6 4 
2 2 6 4 
2 2 6 4 
2 2 6 4 
_fil£ � io6/mm3 
5 . 14 6 . 42 5 . 59 
6 . 27 5 . 36 5 . 91 
6. 27 5 . 54 5 . 65 
5 . 09 6 .  65 5 . 88 5 . 46 
5 . 92 6 . 57 6 . 27 6 . ll  
5 . 6? 5 . 86 6. 58 5 . 84 
6. 04 6. 11 6 . 20 6 . 02 
5 . 47 5 . 46 5 .98 5 . 76 
5 . 73 6 . 13 6 . 02 5 . 79 
Hemoglobin ( g/100 ml Blo od ) 
17 . 4  14 . 6  13 . 0  
18 . 3  15 . 0  16 . 5  
16 . 3  14. 8  15 . 2  
14 . 9  17 . 2  15 . 2  15 . 1  
15 . 6  16 . 8  15 . 5  16. o 
16. 3 15 . 5 15 . 9  15 . 7  
15 . 6  15 . 9  15 . 4 15 . 4  
15 . 6 15 . 5  15 . 0  15 . 6  































TABLE 3 CONrINUED 
Contr ol Overall tre atment 
Duroc Hampshire Duroc Hampshire 
Me an Corpuscular Volum e ( u3 ) 
77 . 36 68 . 50 
69 . 27 74 . 72 
63 . 72 68 . 09 
76 . 77 64. 65 63 . 32 
67 . 12 62 . 50 60 . 92 
70 . 47 70 . 85 59 . 52 
64 . 42 65 . 45 59 . 51 
73 . 12 75 . 20 64. 61 
70 . 28 67 . 73 64 . 89 
� Corpuscul ar Hemoglobi n (uug )  
33 . 57 
29 . 99 
25 . 99 
29 . 99 
26 . 59 
28 . 69 
25 . 84 
28 . 94 
28 . 70 
25 . 85 
25 . 65 
26 . 35 
25 . 9 0  
28. J5 
26 . 42 
22 . 70 
28 . 5 5 
26 . 79 
25 . 88 
24 . 99 
24 . 35 
24. 76 
25 . 24 
25 . 40 
Plasma � ( mg/100 ml Blood ) 
0 . 56 0 . 21 
0 . 33 o . 46 
0 . 26 o . 43 
0 . 23 0 . 16 0 . 43 
0 . 35 0 . 21 0 . 38 
0 . 29 0 . 25 0 . 25 
0 . 23 0 . 19 0 . 16 
0 . 18 0 . 20 0 . 20 
0 . 30 0 . 20 0 . 32 
60 . 84 
65 . 28 
65 . 28 
65 . 84 
65 . 86 
65 . 26 
65 . 34 
69 . ?2 
65 . 42 
23 . 24 
28 . 04 
26 . 99 
27 . 87 
26 . 32 
27 . 00 
25 . 72 
27 . 19 
26 . 54 
0 . 39 
0 . 22 
0 . 33 
0 . 24 
0 . 24 
0 . 22 
0 . 19 
0 . 21 
0 . 26 
a Arithmetic means . Le ast squares analysis of variance is 
pre sented in appendix t able 1. 
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TABLE 4 .  
Sourc e df RBC 
Treatment 5 5 . 34* *  
Breed 1 33.  JO ** 
T x B 2 9 . 52 ** 
Daysb 5 17 . 37 ** 
T x D 20 2 . 41 * *  
B x D 5 4. 61 ** 
T x B x  D 10 3 . 31 **  
s0/T x B 4 7 . 61 ** 
D x S/T x B 20 1 . 23 ** 
Re sidual 336 0 . 471 
a Mean square values .  
b Litter age i n  days . 
c Gilts within treatment. 
* P < . 05 .  
* *  p <. 01 .  
LEAST SQUARES ANALYSIS O F  VARIANCE FOR PIG DATAa 
woc PCV Hb MCV 
2 . 93 ** 68 . 23 * *  24 . 19 * *  322 . 56 * *  
1 . 13 * *  lL�Ol . 41 * *  475 . 76* *  27 . 88 
1 . 54**  201 . 21 * *  59 . 43 * *  o . oo 
4 . 65 * *  236 . 22** 44. 87 ** 812 . 55 **  
0 . 585 ** 36 . 87 * * 6 . 37* *  356 . 04 **  
1.. 09 ** 36. 60 *  5 . 75 * 753 . 68 * *  
1 . 31 ** 85 . 66**  6 . 21 * *  297 . 44* *  
3 . 80 ** 478 . 57 * * 97 . 21 * * 457 . 57 **  
0 . 334* 45 . 05 * *  8 . 24* * 133 . 0l **  
0 . 200 12 . 37 2 . 45 47 . 67 
MCH 
43 . 25 * *  
299 . 56 * *  
o . oo 
188 . 20 * *  
45 . 62* *  
128 . 82 * *  
77 . 58 ** 
118 . 17 * *  
25 . 63 * *  
8 . 40 
MCHC 
34. 67 * *  
551. 97 * *  
75 . 14* *  
109 . 69 ** 
19 . 97 * *  
4. 84 
55 . 52 ** 
5 0 . Jl* * 
15 . 23 * 
8 . 46 
t-' 0 -...J 
TABLE 4 CO NI'INUED 
Source df RBC iron Plasma iron 
Treatment 5 JJ . 19 * *  o .  061 * * 
Breed 1 757 . 61 * *  0 . 014 * *  
T x B 2 231 . 01 * *  0 . 010 * * 
Days 5 37 . 38 * *  0 . 010 * * 
T x D 20 27 . 91 * *  0 . 027 * * 
B x  D 5 56 . 28 * *  0 . 008 * *  
T x B x D  10 57 . 26 * *  0 . 004 * 
S/ T x B 4 306 . 23 * *  0 . 020 ** 
D x S/T x B 20 22 . 87 ** 0 . 013 * *  
ReGidual 84 7 . 64 0 . 002 
· 1 
R� Mn 
93 . 11 * *  
45 . 48 * *  
25 . 81 * *  
37 - 5 8 * *  
8 . 26 * *  
lJ . 39 * *  
11. 41 * *  
16 . 53 ** 
7 . 38 * *  
1 . 19 
Plasma Mn 
10 . 98 ** 
0 . 543 
9 . 20 ** 
lJ . 35 * *  
8 . 07 * * 
J . 37 * *  
6 . 64 * *  
8. 46 ** 
2 . 15 * *  
0 . 5 87 
� 0 o:> 
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6 . 87 
6. 87 
1 . 13 
1 . 13 
3 4. 87 
34. 87 
PCV, Hb ,  MCV, MCH AND MCHCa 
Treatment 
2 3 4 5 







4 . 73 
5 . 66 
5 . 40 
6 . 38 
6. 17 
6. 48 
5 . 80 
2. 05 
2 . 17 
1 . 26 
2 . 32 
2. 45 
2 . 76 







RBC !. 106/mm3 
6 . 28 4. 96 
4 . 73 5 . 16 
5 . 08 6 . 15 
5 . 86 6 . 22 
6 . 61 6 . 35 
6 . 30 6 .  29 
5 . 81 5 . 86 
WBC � 104/mm3 
1 .  0.5 1 . 38 
1 . 60 1 . 96 
1 . 77 1 . 38 
1 . 61 1 . 49 
1 . 87 1 . 74 
1 . 95 1 . 82 







4 . 58 
4. 44 
5 . 52 
5 . 60 
5 . 81 
6 . 66 
5 . 44  
1 . 23 
1 . 68 
1. 23 
1 . 44 
1 . 36 
2 . 07 
1 . 50 
Packed Cell Volume ( i  REC ) - ---
32 . 21 32 . 56 34. 36 35 . 67 
26 . 47 28 . 21 32. 37 33 . 67 
35 . 77 33 . 92 35 . 69 34 . 37 
32 . 58 37 . 19 36 . 32 33 . 70 
35 . 13 37 . 10 36 . 5 7  34. 15 
38 . 07 36. 99 36 . 67 35 . 07 
33 . 37 34. 33 35 . 33 34. 44 
1 to 5 







5 . 41 5 . 48 
4. 67 5 . 00 
4 . 95 5 . 54 
5 . 27 6 . 04 
5 . 77 6 . 24 
6 . 16 6 . 43 
5 . 37 5 . 79 
0 . 99 1 . 39 
1 . 45 1 . 85 
1 . 07 1 . 41 
1 . 55 1 . 72 
1 . 68 1 . 86 
2 . 05 2 . 15 
1 . 47 1 . 73 
34 . 34 33 . 93 
31 . 70 30 . 18 
31 . 86 34. 94 
31 . 84 34. 95 
33 . 38 35 . 74 
35 . 03 36. ?0 
33. 03 34. 41 
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TABLE 5 CONTINUED 
Litter Tre atment 
6 1 to 5 age 
( days ) 1 2 3 4 5 ( control ) (mean ) 






Mean 13 . 45 






Mean 5 3 . 92 






Mean 20 . 73 
Hemogl obin (g/100 pi]. Blood ) 
ll . 37 13 . 30 13 . 56 12 . 58 
9 . 56 9 . 79 11 . 68 12 . 20 
10 . 93 12 . 20 12 . 48 12 . 5 3 
11 . 87 13 . 60 13 . 80 12 . 49 
12 . 38 13 . 87 13 . 34 12 . 26 
14. 08 13 . 43 13 . 61 12 . 22 
11 . 70 12. 70 13 . 08 12 . 38 
Mean Corpuscular Volume (u3 ) 
71 . 20 5 3 . 66 71 . 22 7 7 . 65 
5 0 . 52 61 . 66 63 . 05 76 . 46 
66 . 21 66. 81 58 . 77 63 . 19 
52 . 53 63 . 81 57 . 29 60 . 75 
57 . 09 5 7 . 41 57 . 54 59 . 16 
59 . 27 5 8 . 6? 5 8 . 14 5 2 . 50 
59 . 47 60 . 34 61 ., 00 64 . 95 
Me an Corpu sc ular Hemogl obin ( uug ) 
25 . 30 21 . 73 28 . 43 27 . 44 
18 . 10 21 . 51 22 . 65 27 . 47 
20 . 42 23 . 85 20 . 56 23 . 11 
18 . 98 23 . 21 21 . 62 22 . 33 
20 . 19 21 . 23 20 . 94 20 . 96 
21 . 90 21 . 23 21 . 42 18 . 43 
20 . 82 22 . 13 22 . 60 23 . 29 
12 . 79 
11 . 37 
11 . 00 
11 . 19 
11 . 77 
12 . 83 
11 . 83 
64 . 56 
68 . 92 
64. 34 
60 . 31 
58 . 02 
57 . 01 
62 . 19 
23 . 86 
24. 65 
22 . 23 
21 . 22 
20 . 45 
20 . 87 
22 . 21 
� Corpuscular Hemoglobin Concentration � 
1 38 . 78 35 . 86 41 . 24 39 . 31 35 . 05 37 . 11 
7 36 . 28 34. 87 36. 02 36 . 50 35 . 84 
14 30 . 63 35 . 87 35 . 01 36 . 54 34 . 45 
21 36. 36 36 . 53 37 . 69 36 . 95 35 . 06 
28 35 . 33 37 . 33 36 . 29 35 . 54 35 . 08 
35 36 . 73 36. 18 36. 72 35 . 42 36 . 41 
Me an 38 . 78 35 . 20 37 . 00 36. 84 3 6. 00 35 . 66 
a Arithmetic means . Least squares analysi s o f  variance i s  
pre sented in appendix table 4.  
12 . 85 
10 . 81 
12 . 04 
12 . 94 
12 . 96 
13 . 34 
12 . 49  
65 . 53 
62 . 92 
63 . 75 
58 . 60 
57 . 80 
5 7 . 15 
60 . 95 
24. 73 




20 . 75 
22 . 05 
38 . 05 
35 . 92 
34. 51 
36., 88 
36 . 12 
36 . 26 
36 . 29 
lll 
























NUMBER OF OBSERVATIO NS/T REATME NT/ DAY, RBC IRO N, PLASMA 
IRO N, ROC MANGANESE AND PLASMA MANGANESEa 
1 
1 
23 . 18 
23 . 18 
0 . 74 
0 . 74 
Treatment 
2 3 4 5 ( c ontrol ) 
Number 2.f Ob servati ons[Tra atmentLDa;z 
1 2 4 1 
3 4 10 3 
3 5 10 3 
3 5 10 3 
3 5 9 3 
3 5 9 3 
Red Blood fill � img/100 ml Blood ) 
27 . 08 23 . 41 24. 73 26. 06 
20. 97 22. 25 25 . 81 26. 70 
28 . 98 23 . 04 29 . 63 27 . 30 
27 . 66 30 . 07 28 . 49 2 6 . 42 
24 . 59 28 . 27 27 . 57 - 26 . 61 
28 . 36 30 . 52 28 . 37 21 . 04 
26. 27 26. 26 27 . 43 25 . 69 
Pl asma Iron (mg/100 ml Blood ) 
o . 48 0 . 22 0 . 3 6 0 . 37 
0 . 60 0 . 19 0 . 26 0 . 27 
0 . 35 0 . 23 0 . 25 0 . 25 
0 . 13 0 . 18 0 . 34 0 . 28 
0 . 22 0 . 25 0 . 27 o . 41 
0 . 20 0 . 28 0 . 25 0 . 20 







27 . 63 
24. 78 
23 . 69 
23 . 75 
25 . 62 
23 . 11 
24. 7 6  
0 . 24 
0 . 23 
0 . 23 
0 . 21 
0 . 27 
0 . 25 
o .  21� 
1 t o  5 








23 . 93 
27 . 24 
28 . 16 
26. 76 
27 . 07 
26. 34 
o . 41 
0 . 33 
0 . 27 
0 . 23 
0 . 29 
0 . 23 
0 . 29 
TABLE 6 CO NI'I NUED 
Litter Tre atment 
age 6 
(d ays ) 1 2 3 4 5 ( control ) 
Red Blood Cell Man�a.ne se ( ug/10 0  ml Blood ) 
1 13 . 18 13 . 08 10 . 95 10 . 43 10 . 02 ? . 30 
7 11 . 65 11 . 91 9 • .53 ? . 92 .5 . 78 
14 14 . 23 14 . 47 9 . 83 11 . 40 7 . 04 
21 10 . 86 9 . 54 9 . 58 9 . 74 6 . 41 
28 ? . 40 12 . 36 8 . 70 11. 03 .5 . 83 
35 9 . 19 9 . 23 5 . 93 5 . 91 6. 71 
Mean lJ . 18 11 . 07 11 . 41 9 . 00 9 . 34 6 . 51 
Pla.sma Ma.n�ane se ( ug/100 ml Blood ) 
1 7 . 61 5 . 51 6 . 45 5 . 88 5 . 59 4. 0J 
7 8 .  76 5 . 70  5 . 07 3 . 84 3 . 59 
14 6 . 33 5 . 61 5 . 43 6 . 73 3 . 90 
21 3 . 08 3 . 30 5 . 44 10 . 41 4 . 29 
28 3 . li8 3 . 38 3 . 86 6 . 5 5  3 . 68 
35 3 . 72 4 . 18 3 . 85 2 . 48 4 . 07 
Mean 7 . 61 5 . 15 4. 77 4 . 92 5 . 93 3 . 93 
a Arithmetic me ans . Least squares analysis of variance is 
presented in appendix table 4. 
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1 to .5 
(me an )  
11 . 5 3  
10 . 25 
12 . 41 
9 . 93 
9 . 87 
7 . 57 
10 . 26 
6 . 21 
5 . 8�-
6. 03 
5 . 56 
4. 32 
3 . 56 
5 . 25 
ll3 
TABLE 7 . C01'JTROL AND OVERALL TREATMENl' CRDSSBREFil AND HAMPSHIRE MF.ANS 
FOR PIGS FROM BIRTH TO 35 DAYS OF AGE . N1JMBER OF OBSERVATIO NS/ DAY, 
ROC ,  WOC ,  PCV , Hb ,  MCV ,  MCH ,  MCHC , REC IR.O N, PLASMA IRO N ,  
RBC MANJANESE AND PLAS¥iA MANGANESEa 
Cont rol Overall tr e atm ent 
Days Cr os sbreedb Hampshire Cr o s sbreed Hampshire 
Numbe r  of Observations/Day 
1 12 8 31 31 
7 12 7 24 24 
14 12 7 24 24 
21 ll 7 23 24 
28 11 7 23 23 
35 11 7 23 23 
.B]£ � io6/mm3 
1 5 . 91 4 . 77 5 . 26 5 . 59 
7 5 . 20 4. 17 5 . 31 4. 77 
14 5 . 31 5 . 00 6. 32 4. 86 
21 5 . 76 5 . 02 6 . 91 5 . 24 
28 6 . 23 5 . 47 6 . 87 5 . 66 
35 6 . 42 6 . 03 6 . 63 6 . 14 
Me an 5 . 81 5 . 08 6. 22 5 . 38 
� 2S io4/mrn3 
1 0 . 99 1 . 27 1 . 60 1 . 01 
7 1 . 13 2 . 01 1 . 72 2 . 04 
14 1 . 00 1 . 30 1 . 37 1 . 68 
21 1 . 20 2 . 14 1 . 71 1 . 58 
28 1 . 53 2. 01 1 . 96 1 . 67 
35 2 . 14 2 . 08 2 . 26 1 . 78 
Me an 1 . 33 1 . 80 1 . 77 1 . 63 
Pac ked � Volume iiL. 
1 38 . 13 31 . 66 36. 20 30 . 96 
7 33 . 55 30 . 66 29 . 30 31 . 32 
14 3 2 . 80 33 . 38 37 . 80 32 . 25 
21 34. 33 3 0 . 95 38 . 71 32. 70 
28 35 . 52 32 . 66 38 . 80 33 . 52 
35 37 . 33 34 . 09 39 . 80 33 . 77 
Me an 35 . 28 32. 23 36. 77 32 . 42 
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TABLE 7 CONI'INUED 
Control Overall tr e atment 
Days Crossbreed Hampshire Crossbreed Hampshire 
Hemoglobin �Ll�� ml Blood )  
1 14. 5 6  11. 78 14. 54 11 . 42 
7 12 . 34 11 . 11 11 . 19 10 . 27 
14 11 . 88 11 . 08 13 . 09 11 . 15 
21 12 . 56 10 . 64 14. 87 ll. 66 
28 13 . 08 11 . 21 14 . 77 ll . 62 
35 14. 05 11 . 78 15 . 04 11 . 65 
Mean 13 . 08 11 . 27 13 . 92 11. 30 
Mean Corpuscular Volume ( u3 ) 
1 66 . 50 66. 38 71 . 33 5 8. 18 
7 65 . 44  73 . 68 56 . 62 ' 67 . 96 
14 61 . 91 66. 9 2 60 . 59 66. 46 
21 59 . 39 61 . 71 56 . 47 62 . 40 
28 56 . 66 60 . 47 56. 84 59 . 54 
35 58 . 05 56 . 87 60 . 33 55 . 01 
Me an 61 . 33 64. 34 60 . 36 61 . 59 
� Corpuscular Hemoglobi n ( uug ) 
1 25 . 15 24 . 79 28 . 84 21. 09 
7 23 . 90 26 . 71 21 . 61 22 . 31 
14 22 . 42 22 . 24 21 . 01 2 2 . 93 
. 21 21 . 76 21 . 17 21 . 61 22 . 21 
28 20 . 83 20 . 86 21 . 57 20 . 64 
35 21 . 86 20 . 56 22 . 78 18. 96 
Mean 22. 6.5 22 . 72 22. 90 21 . 36 
Mean Corpuscular Hemoglobin Conc entratio n  (i) 
1 38. 0l 37 . 27 40 . 04 37 . 36 
7 36 . 74 36 . 32 38 . 16 32 . 75 
14 36. 05 33 . 13 34·. 72 34. 54 
21 36 . 59 34. 08 38 . 33 35 . 63 
28 36. 63 34 . 19 38 . 07 34 . 65 
35 38 . 0l 35 . 89 37 . 79 34. 52 
Mean 37 . 01 35 . 15 37 . 85 34 . 91 
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TABLE 7 CO NI'INUED 
Control Over all tr e atme nt 





























� . Blo od � Iron (mg/100 ml Blood ) 
27 . 81 27 . 45 27 . 16 
27 . 02 25 . 46 24. 21 
24. 37  27 . 77 29 . 32 
25 . 12 26 . 15 33 . 37 
30 . 77 22 . 99 31. 99 
27 . 43 21 . 10 32 . 85 
27 . 09 25 . 15 29 . 82 
Plasma Iron (m,g/100 ml Blo od ) 
0 . 20 0 . 28 
0 . 2l 0 . 25 
0 . 22 0 . 25 
0 . 22 0 . 21 
0 . 28 0 . 26 
0 . 20 0 . 32 
0 . 22 0 . 26 
Red Blood Cell Manganese 
8 . 70 5 . 90 
5 . 44 8 . 5 7 
6 . 81 8 . 80 
5 . 96 7 . 54 
6 . 24 6 . 20 
6 . 82 6 . 90 
6 . 66 7 . 32 
o . 46  
0 . 32 
0 . 26 
0 . 24 
0 . 23 
0 . 21 
0 . 29 
( ug/100 !!!.!. Blood ) 
14 . 33 
13 . 12 
13 . 71 
10 . 04 
10 . 66 
7 . 73 
11 . 60 
Plasma Manganes e  ( ug/100 ml Blood ) 
3 . 45 4. 60 6 . 91 
3 . 59 4. 09 6 . 5 8  
3 . 81 4. 46 5 . 75 
4. 03 4. 73 3 . 52  
4. 15 3. 39 3 . 85 
3 . 31 5 . 16 3 .  34 
3 . 72 4. 41 4. 99 
a Arithmetic me ans . Leapt squares analysi s  of varianc e is 
pre sent ed in appendix t able 4.  
b Cr o s sbreed = Spotted x Duroc . 
21 . 89 
23 . 30 
25 . 59 
24. 49 
22 . 54 
23 . 36  
23 . 53 
0 . 28 
0 . 27 
0 . 25 
0 . 27 
0 . 34 
0 . 28 
0 . 28 
7 . 98 
7 . 45 
10 . 87 
9 . 47 
9 . 33 
7 . 66 
8 . 79 
5 . 40 
5 . 34 
6 . 00 
6 . 79 
4. 33 
3 . 97 
5 . 31 
